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.... for reaction motors developing thrust of a few 
hundred pounds or hundreds of thousands of pounds. 


....f0r propulsion systems installed as primary or 
auxiliary power for missiles, for piloted aircraft, 
for launching devices. 


... for unprecedented power in the many diversi- 
fied applications where advanced rocket technology 
has heralded the beginning of a new era. 


* KEY 


7 «pied techatetens .... for the future developments that will come from 
S RMI POWER ENGINEERING -as they have for 
(EF), . complete equipment the past 14 years. 
and facilities 


Rewarding career opportunities are available for experienced engi- 


Ap ....past accomplishment 
neers, physicists, mathematicians and chemists. Send resume and 


.... Unlimited imagination salary requirements to Employment Manager. 


ARP... advanced rocket power PRIMARY AND AUXILIARY ROCKET POWER FOR: 
Missile Boosters and Sustainers, Aircraft, Target Drones, 
Ordnance Rockets, Ejection Systems, Launching Devices. 


REACTION MOTORS, INC. 


A MEMBER OF THE OMAR TEAM 


DENVILLE, NEW JERSEY 
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Scope of JET PROPULSION 


Jet Propuvsion, the Journal of the American Rocket Society, is 
devoted to the advancement of the field of jet propulsion through the 
publication of original papers disclosing new knowledge and new de- 
yelopments. The term ‘‘jet propulsion” as used herein is understood 
toembrace all engines that develop thrust by rearward discharge of a 
jet through a nozzle or duct; and thus it includes systems utilizing 
atmospheric air and underwater systems, as well as rocket engines. 
Jet PROPULSION is open to contributions, either fundamental or ap- 
plied, dealing with specialized aspects of jet and rocket propulsion, 
such as fuels and propellants, combustion, heat transfer, high tem- 
perature materials, mechanical design analyses, flight mechanics of 
jet-propelled vehicles, astronautics, and so forth. Jet PRopuLsION 
endeavors, also, to keep its subscribers informed of the affairs of the 
Society and of outstanding events in the rocket and jet propulsion 
field. 


Limitation of Responsibility 


Statements and opinions expressed in JET PROPULSION are to be 
understood as the individual expressions of the authors and do not 
necessarily reflect the views of the Editors or the Society. 


Subscription Rates 


One year (twelve monthly issues)......................- $12.50 

Foreign countries, additional postage...............add .50 


Change of Address 


Notices of change of address should be sent to the Secretary of the 
Society at least 30 days prior to the date of publication. 


Information for Authors 


Preparation of Manuscripts 


Manuscripts must be double spaced on one side of paper only with 
wide margins to allow for instructions to printer. Submit two copies: 
original and first carbon. Include a 100-200 word abstract of paper. 
The title of the paper should be brief to simplify indexing. The 
author’s name should be given without title, degree, or honor. A 
footnote on the first page should indicate the author's position and 
affiliation. Include only essential illustrations, tables, and mathe- 
matics. References should be grouped at the end of the manuscript; 
footnotes are reserved for comments on the text. Use American 
Standard symbols and abbreviations published by the American 
Standards Association. Greek letters should be identified clearly for 
the printer. References should be given as follows: For Journal 
Articles: Authors, Title, Journal, Volume, Year, Page Numbers. 
For Books: Author, Title, Publisher, City, Edition, Year, Page 
Numbers. Line drawings must be made with India ink on white 
paper or tracing cloth. Lettering on drawings should be large 
enough to permit reduction to standard one-column width, except 
for unusually complex drawings where such reduction would be pro- 
hibitive. Photographs should be clear, glossy prints. Legends must 
accompany each illustration submitted and should be listed in order 
on a separate sheet of paper. 


Security Clearance 


Manuscripts must be accompanied by written assurance as to 
security clearance in the event the subject matter of the manuscript 
is considered to lie in a classified area. Alternatively, written assur- 
ance that clearance is unnecessary should be submitted. Full respon- 
sibility for obtaining authoritative clearance rests with the author. 


Submission of Manuscripts 


Manuscripts should be submitted in duplicate to the Editor-in- 
Chief, Martin Summerfield, Professor of Aeronautical Engineering, 
Princeton University, Princeton, N. J. 


Manuscripts Presented at ARS Meetings 


A manuscript submitted to the ARS Program Chairman and 
accepted for presentation at a national meeting will automatically 
be referred to the Editors for consideration for publication in JET 
PROPULSION, unless a contrary request is made by the author. 


To Order Reprints 


Prices for reprints will be sent to the author with the galley proof, 
and orders should accompany the corrected galley when it is returned 
to the Assistant Editor. 
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and five 16mm Mitchells ore used here 


Multiple Mitchell Cameras on Mobile Turret at U. S. Naval Air Missile Test Center, Point Mugu, Colif. Seventeen 35mm 


BECOMES BASIC RESEARCH TOOL 


Vital Projects Now Heavy Users of Motion Picture 
Cameras With Flexible Performance Range 


Accelerated project work has today put increased 
demands upon motion picture equipment. Because of 
the need for a camera which can perform under a 
broad range of research and development require- 
ments, the Mitchell Camera has today become the 
standard basic motion picture camera used in proj- 
ects in this country and abroad. 

No other single camera can be used so flexibly, 
under such extreme filming conditions, and for such 
a broad range of cinematography as can a Mitchell 

Camera. In one location, alone, 200 Mitchell 35mm 
models, ore in use here et White Sands over $0 Mitchells cre used Urs. Never and 16mm cameras are now in use at White Sands 
ing Ground, New Mexico. Ordnance Test Station, Inyokern, Calif. Proving Ground. 

Mitchell Telephoto Tracking Camera in use One of 12 Mitchell cameras used to track Write today on your letterhead for information 


at Air Force Missile Test Center, Cope Cana- missiles at Holl Air Devel Center, on the Mitchell Camera line. 
veral, Florida. Alamogordo, New Mexico. 


Official U. S. Army Photograph 
Official U. S. Navy Photograph 


CORPORATION 


666 WEST HARVARD STREET 
GLENDALE 4,CALIFORNIA 


Cable Address: ‘‘MITCAMCO” 


Official U. S. Air Force Photograph 
Official U. S. Air Force Photograph 
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FASTER 
| FARTHER 
HIGHER 


The development of guided missiles of every type is becoming 
one of the most competitive areas in our world today . . . for 
supremacy in this field can well determine peace for many 
years. The race is now for greater speed, higher altitude, 
longer range, more sensitive control. 


Canadair has long had a prominent role in Canada’s guided 
missile program, applying the knowledge acquired in years of 
experience in advanced aircraft systems engineering . . . and 
Canadair’s research, engineering and manufacturing resources 
are constantly making further important contributions to 
projects in this field. 


ENGINEERING PHYSICISTS 
and 
ELECTRONICS ENGINEERS 


You can play an important part in this program. Canadair has 
positions open which offer fine opportunities, excellent salaries, 
advanced training and educational advantages, liberal employee 
benefits, and relocation allowances. Send a resume of your 
qualifications to Les Wiebe, Dept. M. 


LIMITED, MONTREAL 
AIRCRAFT MANUFACTURERS i 


A SUBSIDIARY OF GENERAL DYNAMICS CORPORATION 
NEW YORK, N. Y. WASHINGTON, D. C, 
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ACCESS. 


FOR 


ENGINEERS « PHYSICISTS 


... each highway to achievement . . . must have 
a beginning and what better place to start than 
right here . . . in the new ultra-modern multi- 
million dollar Research Center which is only 
one of three erected in the immediate area 
within the past 3 years. 


Located on Philadelphia’s Main Line, within 
sight of historic Valley Forge, Burroughs multi- 
unit Research Laboratories are less than an 
hour by train or car over express highways to 


CORPORATION 
RESEARCH CENTER 
PAOLI, PA., NEAR HISTORIC VALLEY FORGE 


Looking to future expansion, Burroughs invites inquiries from those qualified as: 
ELECTRICAL ENGINEERS © PHYSICISTS » ELECTROMECHANICAL ENGINEERS 
MECHANICAL ENGINEERS ¢ TECHNICIANS » MECHANICAL DESIGN ENGINEERS 


. « - in the following fields — Control Computers, Pulse Circuitry, Digital 
Computers, Optical Devices, High Speed Mechanisms, Guided Missiles, Solid 
State Circuitry, Electronic Packaging, Electrographic Recording Devices. 


Burroughs 


Every path to success 


Philadelphia where cultural and educational 
facilities of known merit are available to 
engineers interested in advance study at The 
University of Pennsylvania, Drexel Institute 
or Temple University during the evening hours. 


Naturally, a retirement program and other 
benefits for you and your family are part of 
Burroughs Progressive Employment Policies. 
So, too, is association with outstanding men 
in the business machine field. 


J 


Send Complete Resumé to 
M. E. JENKINS 


PLACEMENT MANAGER 
For Interview at Your Convenience 
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KOLLSMAN PRESSURE RATIO THRUSTMETER 
used on Convair’s F-102 and McDonnell’s F-101 


et engine 
performance? 


to indicate PRESSURE RATIO...to indicate DIFFERENTIAL PRESSURE 


KOLLSMAN is in production... 
on components for BOTH TYPES—for Remote or Direct reading 


For over a quarter century, Kollsman has been 
making precision pressure sensitive mechanisms using 
displacement type diaphragms. This diaphragm can be 
called the heart of a thrustmeter pressure indicating system. 


Our long experience making displacement type diaphragms 


guarantees reliable thrustmeters. 


TYPICAL SYSTEM 


nn Proven Kollsman displacement type diaphragms, 
1. when fitted with Kollsman Synchrotels, comprise the 
at room temperature. 
.025 in 85% of readings 
at —55°C and +70°C. transmitters for remote indicating types. Thousands | 
.035 in 15% of readings : 
‘at —55°C and +70°C. of Synchrotels are now in use in other applications 
2. Altitude: No specific limitation. equally demanding of accuracy and durability. 
3. Power: 115V, 400CPS, single phase, 18VA 
4. Pressure Ratio Range: 1.2 to 3.4 Tailor-made Thrustmeters can be supplied 
5. Pressure Ranges (operating): 
Pts? to 50” Hg. Abs. for any engine-airplane combination. Write for 
ae complete technical information. 


Pt7—Pt2=0.4 to 70” Hg. 
6. Temperature Range: —55°C to +120°C 


7. Weights: Sinioiiahae: tt the *The Pressure Ratio System has advantages for indicating 
Indicator (including integral optimum climb and cruise throttle setting, whereas the 
amplifier): 1.8 Ib. Pressure Differential System has a definite advantage at take-off. 
8. Response: Full Range in 7 seconds. 


Kollsman activities cover these seven fields: 


AIRCRAFT INSTRUMENTS ¢ PRECISION CONTROLS 

PRECISION COMPUTORS AND COMPONENTS « OPTICAL COMPONENTS AND SYSTEMS 

RADIO COMMUNICATIONS AND NAVIGATION EQUIPMENT * MOTORS AND SYNCHROS 

INSTRUMENTS FOR SIMULATED FLIGHT TRAINERS i 


ko | | m q Nn 


| 80-06A 45th AVE., ELMHURST, NEW YORK ¢ GLENDALE, CALIFORNIA ¢ SUBSIDIARY OF Standard COIL PRODUCTS CO. INC. 
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WANTED! ENGINEERS TO HELP MAKE 
LONG RANGE MISSILE HISTORY 


North American’s Missile Projects Offer A New Engineering Adventure 


With complete weapons system re- 
sponsibility for the SM-64 NavaHo 
Intercontinental Guided Missile, North 
American is engaged in one of the most 
challenging programs yet offered. But 
every inch of progress is a tough scien- 
tific battle. New means are daily being 
found to solve the complex problems 


Instrumentation Design, Development & Application 
Structures, Stress, Flutter and Aeroelasticity Component and System Reliability Engineering 
Hydraulic, Pneumatic & Servo Engineering 
High Temperature Materials Erigineering 


Missile Airframe Design 
Aerodynamics 


Contact: R. L. Cunningham, Missile Engineering Personnel Office 
Dept. 91-20JP, 12214 Lakewood Boulevard, Downey, Calif. 


Engineering Flight Test 


which the development of long range 
missiles presents in the fields of struc- 
tures, temperatures and aerodynamics. 
But most important of all, men must be 
found who thrive on this kind of chal- 
lenge...men who are really excited 
about this new missile science. Are you 
one of them? 


Please contact us for the full story: 


Phone: LOgan 5-8651 Ext. 518 


Interviews 8 A.M. to 9 P.M. Monday through Friday 


NORTH AMERICAN AVIATION, 


Standards, Drawings Checking, Specifications Writing 


Armament Systems & Components Engineering 


If you qualify in one of the fields we 
have listed below, chances are you can 
qualify for this unique expedition into 
the technology of the future. We would 
like to tell you about all the physical 
and professional advantages of a career 
in North American’s Missile Develop- 
ment Engineering. 


Thermodynamics 


Mechanical & Electrical Design 
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GYROSCOPICS 
SERVO MECHANISMS 


AUTOMATIC FLIGHT 
CONTROLS 


FIRE CONTROL SYSTEMS 
COMPUTERS 
ELECTRONICS 
HYDRAULICS 
OPTICS 
NAVIGATION SYSTEMS 
BALLISTICS 
RADARS 


TEST AND TELEMETERING 
EQUIPMENT 


PROPULSION 
AERODYNAMICS 


MINIATURIZATION AND 
MODULAR DESIGN 


INERTIAL GUIDANCE 


EVALUATION AND 
SYSTEM ANALYSIS 


LOGISTICS 


40 years of Building Significant 


MISSILE CAPABILITY 


What makes a modern missile a success? Much more than was 
required when Sperry produced the first guided missile in 1916. 
Since that time, Sperry scientists have specialized in all of the 
arts required for the missiles of today — and tomorrow. But 
capability to produce missiles goes beyond arts and techniques. 


Capability means sufficient engineering manpower, adequately 

complemented by special support groups. It means experience GYROSCOPE COMPANY 
in weapons systems’ management and the ability to set up 

special facilities, men and machines, for large-scale research, 


RUNNER OF TODAY’S GUIDED MISSILES 


Great Neck, New York 


development and production. DIVISION OF SPERRY RAND CORPORATION 
Sperry is currently putting its capabilities to work in six major 
missile systems— of all types— ranging from complete systems’ LOS ANGELES * SAN FRANCISCO ° SEATTLE 
cognizance to major sub-system responsibility. IN CANADA: SPERRY GYROSCOPE COMPANY 


There is a dynamic quality to Sperry capability which equips us 


to meet the weapons systems’ challenges of the future. 
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SEND COMPLETE RESUME TO ANY ONE OF THESE THREE PLANT LOCATIONS 


MR. D. A. BOWDOIN MR. R. K. PATTERSON MR. FRANK KING 
Dept. MP-24 Dept. MS-24 Dept. MN-24 
2300 W. Allegheny Ave. 1902 W. Minnehaha Ave. Wilson Avenue 


Philadelphia, Pa. St. Paul W4, Minn. South Norwalk, Conn. 


e — 
wi) 
ste? 
: 


THREE CENTS 


.. . that’s all it takes to introduce you to the 
most advanced program in the fast-growing 
Electronic Computer field. A complete program 
of national importance offering limitless oppor- 
tunities is going on now at Remington Rand 
Univac® where the advancements of tomorrow 
are being made today! 

Take the first step toward a career—not a job 
—sharing in the responsibilities and obligations 
of the recognized leader in Electronic Computer 
Systems. Work with the men who developed 
much of the basic knowledge of computers .. . 
men who set the standards for others to follow. 
Excellent salaries, benefits and educational pro- 
grams guarantee a future limited only by the 
individual. 


There is no finer future... 
immediate openings for: 


ELECTRONIC ENGINEERS— Must have degree and 
be experienced in pulse circuitry, digital 
computers, or data processing equipment. 


SALES ENGINEERS—Must have scientific, en- 
gineering or mathematieal degree and be 
qualified to combine systems analysis, 
application and sales function. 


PRODUCTION CONTROL PLANNING—Engineer- 
ing degree preferred with 5 years’ exper- 
ience in Production Control. To develop 
product program schedules and long 
range production plans. 


ALSO OPENINGS FOR—Physicists . . . Program- 
mers .. . Mathematicians . . . Contract 
Administrators . . . and many others. 


Hinvac. offers unmatched opportunities 


for advancement and professional growth through its 
unequalled expansion program . . . brought about by 
government and industrial demands for the finest in 
Computers, File Computers, Data Handling and Con- 
trol Systems. Components too, are being developed and 
manufactured by Univac for other leading manufac- 
turers in the field. Join and grow with this fabulous new 
industry ... at Remington Rand Univac. 


®Registered in U.S. Patent Office 


SF co 8 ORATION 


FIRST IN ELECTRONIC COMPUTING SYSTEMS 
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CURRENT PRIME CONTRACTOR FOR ARMY’S M48A2 TANK, ALCO 
calls on products of some 1500 subcontractors for assem- 
bly. M48’s will be built in facilities which produced thou- 
sands of M47’s during Korea, will receive benefit of know- 
how drawn from almost 10,000 ALco-built tank vehicles. 


HEAT EXCHANGERS FOR ATOMIC SUBMARINE were built byg™OllM 
Aco. The Nautilus has radical-design ALCo exchangg™nufa 
ers in its reactor system. Design, to solve advanced heat; ~ ma 
transfer problems, and facilities for difficult manufac 0 
ture were provided by ALCo. ighest 


330 JET PROPULSION AY 


items for defense 


Important Components from ALCO are Installed 
in Leading Weapons of All Three Services; 
ALCO also Serves as Prime Contractor 


ALCO-built weapons components range 
from heavy final drives for tanks to air 
flasks and propellant chambers for mis- 
siles, to complicated and precise recoil 
mechanisms. For the M48A2 medium 
tank, ALCO also serves as prime contrac- 
tor, doing complete assembly of items 
from 1500 suppliers. 

Long experience in defense produc- 
tion, beginning in 1860, is one reason 
why ALCO is successful in helping make 
modern weapons. Its products have in- 
cluded guns, shell casings, locomotives 
and marine diesels, among others. Dur- 
ing World War il and Korea, ALCO made 
thousands of combat tanks. 

Production and design facilities are 
another important reason for ALCO 
leadership. Its plants are equipped to 


assemble heavy defense items in large 
quantities, and also to produce highly 
complicated components for other prime 
contractors. ALCO’s design engineering 
staff is expert in specialized fields such as 
atomics and weapons development. 


ALCO production available for defense 
purposes includes heavy weldments, 
heat-transfer items, pressure containers 
and vessels, springs, forgings, rings, pre- 
cision-machined items, diesel and atomic 
power, and all types of assembly, includ- 
ing electronics. 


Consider ALCo for new defense items. 
Seven plants in five states. Complete 
facilities. Advanced engineering. Write 
P.O. Box 1065, Schenectady 1, N. Y. for 
more complete information. 


“TERRIER,” NAVY’S SURFACE-TO-AIR GUIDED 
MISSILE, incorporates ALCo-built air 
flask to operate complicated servo con- 
trol system. Jato boosters for the Air 
Force’s Snark missile and the Army’s 
Honest John are other ALCO products. 


ALCO 


ALCO PRODUCTS, INC. 


NEW YORK 


ARMY PACKAGE POWER REACTOR, not a weapon, will gen- 
erate power at Fort Belvoir, Va. Future APPR’s will 
power remote installations. ALCO holds prime contract 
for unit, won in competition with 17 top U. S. manufac- 
turers. APPR will be erected by ALCo by early 1957. 


— Be 
— 
gist. 

MECHANISM FOR ARMY'S 155 MM HOWITZER, a precision- 
ing: manufactured complex of springs and hydraulic units, eo 
eat manufactured by ALCO as prime contractor. Army 
fag 'dnance called production of this item “in the 
highest quality group received from industry.” a 
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Lice 
tained 
- Oxidant for liquid rocket propellants Nor 
Molecular Weight 92.02 ingred 
Boiling Point 21°C and pr 
Freezing Point —11.3°C the br 
‘ Latent Heat of Vaporization 99 cal/gm @ 21°C ws 
Critical Temperature 158°C mater) 
Critical Pressure 99 atm applic: 
Specific Heat of Liquid 0.36 cal/gm —10 to 200°C - 
Density of Liquid 1.45 at 20°C tlonin; 
Density of Gas 3.3 gm/liter 21°C, 1 atm a. .: 
Vapor Pressure 2 atm at 35°C WISIC 
Availability Good — in 125 Ib. steel 
cylinders and 2000 tManufa 
Ib. containers hade-M 
Handling Easy — can be shipped, 
A piped, or stored in 
ordinary carbon steel. 
High chemical stability. 
e Ethylene Oxide « Ethylene Glycols « Ureae Formaidehydee U. F. Concen- 
ydrous Ammoniae Ammonia Liquore Ammonium Sulfate «Sodium Nitrate 
mitrogen Tetroxide Nitrogen Solutions « Fertilizers & Feed Supplements 
40 Rector Street, New York 
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ROKIDE* spray coatings solve 
critical high temperature problems 


Norton oxide coatings provide valuable 
protection against heat and abrasion 


The three Norton Roxie spray coatings — Roxipe “A” 
aluminum oxide, Rokipe “ZS” zirconium silicate and RoKIDE 
"Z” stabilized zirconia—are proving themselves in such critical 
applications as reaction motors and in AEC projects. These 
hard, crystalline refractory oxides offer the following important 
advantages: 

They are both thermally and electrically insulating. Their hard- 
ness, chemical inertness and stability in combustion temperatures 
provide high resistance to excessive heat, abrasion, erosion and cor- 
rosion. Their high melting points and low thermal conductivities 
reduce the temperatures of the underlying materials and permit 
higher operating temperatures. 


Rokide Coatings vs. Stainless Steel 
ROKIDE ROKIDE ROKIDE STAINLESS 
“7s" STEEL 


Thermal Expansion 
(x107 /°F. 43. 23. 64, 122. 
from 70° to 2550°F.) 


Thermal Conductivity 


(BTU/hr. /sq. ft.; in. /°F. 19, 15. 8. 185. 
mean temp. of 1500°F.) 

Density (grams per cc.) 3.2 3.8 5. 7.8 

Melting Point (°F.) 3600 3000 4500 2600 


Hardness (Knoop)** 2000 1000 750 400 


“Determinations made on monolithic products of zero porosity (to give intrinsic crystal 
hardness) and not on coatings themselves. 


Licensing Policy 
Licenses for the use of the RokipE coating process can be ob- 
tained from Norton Company. 


Let Norton Help 


Norton high melting, fusion-stabilized materials are the basic 
ingredients of the famous Norton R’s — refractories engineered 
and prescribed for the widest range of uses. Take advantage of 
the broad experience of Norton Engineers in the use of these 
materials for jet propulsion and other modern high temperature 
applications. For further facts on RokipE coatings, write, men- 
tioning your requirements, to Norton Company, New Products 
Division, 636 New Bond Street, Worcester 6, Massachusetts. 


tManufactured by Metallizing Company of America, Chicago 24, Illinois 
‘Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 


NORTON 


REFRACTORIES 


Engineered... ... Prescribed 


Qlaking better products. ..to make your products better 
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A Rocket Chamber Nozzle coated with Norton ROKIDE 
**A” coating on entrance and exit components. ROKIDE coat- 
ings are applied in molten state with Roxie Spraying equip- 
mentf, in thicknesses generally ranging from .005” to .05”. 


Jet Engine Combustion Chamber Parts coated with 
Norton Rokibe “Z” coating. ROKIDE coatings may be applied 
to parts of a wide variety of sizes and shapes. 


Rocket Nozzle Plates of aluminum, coated with Norton 
Roxie “A” coating. While RokipE coatings are commonly 
applied to metals, they are also effective on various other 
materials. 
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This Futurecraft manifold system controls gas or fluid flow of 
propulsion system pressurizing in rockets and missiles. Using 
any combination of filters, regulators, master valves, solenoid 
valves, pressure releases — or other control components needed 
for a specific application — this system of packaging provides 
these advantages . . . 


Up to 4 saving in weight over conventional panel 
type mounting 

Space economy, achieved with extremely compact 
design and construction 

Elimination of piping — and leakage or failure of 
connecting components 

Simplification of check-out procedures, inspection, 
installation, replacement and procurement 
Reduced cost through simplified system and stand- 
ardization of parts 


Sub-System Manifolding, designed, engineered and built by 
Futurecraft for leading missile manufacturers, has been proven 
on complex projects. Operating pressures to 4,500 psi (helium 
system) are handled with zero leakage. A wide variety of 
controls can be established in a single system to meet specific 
requirements. Each system is built, tested and checked out as 
a complete package. 

If manifolding is your problem, find out how Futurecraft can 
help. Our engineering staff will gladly supply further details— 
or make a specific recommendation. 


Call — or write — today! 


Futurecraft designs and manufacturers for aircraft and 
guided missiles the following valve types: Solenoid 
Valves, Blade Valves, Propellent Valves, Pressure Relief 
Valves, Manual Control Valves, Pressure Regulators, 
Shuttle Valves, Check Valves, Line Valves and Filters, 
Quick disconnect couplings. Send for information. 
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Telemetry has earned its 
Stripes with the Convair “Terrier” 


TERRIER— Aerial watchdog of the fleet—produced by CONVAIR—a divi- 
sion of General Dynamics Corporation—for the U. S. NAVY BUREAU OF 
ORDNANCE has carried RREP Telemetering Transmitting systems in its ex- 
perimental and test flights, ashore and afloat. 


—— RREP’s special Telemetering Transmitting package; unique in form factor 

MISSILE GUIDANCE but of traditional RREP performance, ruggedness and reliability, has an out- 

standing record of performance in the Terrier Program. 

peal SYSTEMS This specialized application of RREP Telemetry Equipment is but another 
example of RREP’s engineering and production abilities. This performance is 

being repeated by RREP equipment in many other phases of the nation’s 

guided missile and aircraft program. 


If the transmission and reception of remote instrumentation information is 
your problem, call on RREP for a solution. 


AIRBORNE 
ELECTRONICS EQUIPMENT 


RAYMOND ROSEN ENGINEERING PRODUCTS, inc. 


32nd and Walnut Streets, Philadelphia 4, Pennsylvania 
Western Regional Office: 15166 Ventura Blvd. 
Sherman Oaks, Los Angeles, California 
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L-O-F Glass Fibers Company Introduces 


MICRO-QUARTZ—The new insulation 
for the 2000°-2500° Temperature Range! 


L-O-F Glass Fibers Company an- 
nounces Micro-Quartz—a remark- 
able, new insulation for tempera- 
tures ranging, under many condi- 
tions, up to 2500°! 


Micro-Quartz is available in felted 
form and in bulk. It is light in 
weight and composed of 98% pure 
quartz. It is resilient, exceptionally 
efficient, and resistant to vibration 
and air flow. Because it has no or- 
ganic binder, its performance, sta- 
bility, and thermal conductivity are 
those of the quartz fibers themselves. 


The range of uses to which Micro- 
Quartz can be put is very broad, 
with possible applications in all in- 


GLASS FIBERS 


Micro-Quartz 


HIGH TEMPERATURE INSULATION 


dustries doing work in the high- 
temperature field. It may be the 
answer to high temperature prob- 
lems involving low heat capacity 
and high thermal diffusivity, fre- 
quent- or rapid-heating cycles, and 
problems of weight, space limita- 
tions, and vibration. 


Micro-Quartz fibers are available 
in paper form. Can be impregnated 
or coated for electrical applications. 


Requests on your business letter- 
head for more information, and a 
Micro-Quartz sample, will receive 
prompt attention. Write: L°-O-F 
Glass Fibers Company, Dept. 91-56, 
1810 Madison Ave., Toledo 1, Ohio. 


L°O-F GLASS FIBERS 


TOLEDO 1, OHIO 


Manufacturers and engineers long faced 
with critical high temperature insulation 
problems may find a welcome answer in 
lightweight Micro-Quartz. 


PRODUCT DATA ON STANDARD 
MICRO-QUARTZ SHEETS* 


Average Fiber Diameter—0.75 mi- 
crons or 0.00003 inches 


Density—Standard nominal density 
is 3 Ibs./cu. ft. 


Weight—0.047 Ibs. per sq. ft.— 
0.005 Ibs. 


Thickness of sheet—Standard nominal 
thickness is 3/16 inches 


Width of sheet—34 inches 
Length of sheef—71 inches 


*Other thicknesses and densities are 
available. Sheets can be fabricated 
to fit your application. 


COMPANY 


Makers of glass fibers by the exclusive ““Electronic-Extrusion” process 
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Solid Rocket Propellants 


Phillips 


Solid rocket fuel emerges from one of many extruders at Air Force Plant 66, McGregor, Texas 


Phillips 66 scientists have put the low- 
cost energy of petroleum into power for rocket 
flight. Petroleum-derived materials including 
ammonium nitrate, synthetic rubber, and car- 
bon black have been combined to produce a 
new solid propellant rocket motor meeting the 
most rigid USAF performance requirements 
without deviation. A family of Phillips pro- 
pellants is available for use in rocket motors 


Bartlesville, Oklahoma 


Address all inquiries to: Rocket Fuels Division, McGregor, Texas. 


May 1956 


for JATOs, extremely large boosters, guided 
missiles, and other applications. 

Phillips operates ‘“‘Texas-size’’ facilities of 
latest design for rocket research, development, 
and production at McGregor, Texas. Our ex- 
perienced staff is available to consult with the 
aircraft and missile industries on military 
problems and newer projects. We invite dis- 
cussion of technical and production problems. 
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Top photo shows missile tank constructed of two forged 
-and machined end caps and center section of tubing. 
Middle photo shows assembled tank. The Uniwelds are 
locoted in the approximate center of the bright machined 
bands. Bottom photo shows a tank that has been pres- 
‘sured to bursting with 2!/2 times normal operating 
with no tendency to divert and follow the weld— 
graphic proof of 100% parent metal weld strength. 


Missile components, like the overall Missile System, have demanded that their 
designers and engineers pioneer with fresh thinking and new ideas in order to 
keep abreast of modern guided missile research and development. A case in 
point is MENASCO’S design and production of air tanks for the Nike missile 
featuring MENASCO’S now-famous Uniweld process, an exclusive method of 
pressure welding. 


The twelve-inch diameter welds in the Nike tank fuse in two operations approxi- 
mately 34 square inches of alloy steel. Because the Uniweld maintains parent 
metal strength, no increase in local wall thickness is needed and the tank becomes 
virtually a one-piece vessel. 


One of MENASCO’S Uniweld machines in 


Thus, MENASCO’S pioneering work in Uniwelding of missile tanks has opened operation. This exclusive MENASCO pro- 
entire new fields of pressure vessel applications where high strength welds make cess is gaining wide acceptance in the 
the difference. aircraft and missile fields. 


Specialists in Aircraft Landing Gear 


menasco manufacturing Company 
805 SOUTH SAN FERNANDO BOULEVARD, BURBANK, CALIFORNIA 
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GOOD NEWS FOR 
TURBINE SPECIALISTS 


If you are a turbine specialist, turbomachinery engineer—or interested in any 
phase of the design, development testing or manufacture of large, liquid-pro- 
pellant rocket engines—we can offer you some outstanding job opportunities. 

We are one of the country’s leading manufacturers of rocket engines for the 
Armed Services and the missile industry, with a 10 year backlog of experience 
in all phases of rocket engine development and manufacture. 

New engine designs, new pumps and the powerful turbines to drive them, 
and the testing of completed engines to meet the rugged requirements of space 
flight are just some of the interesting phases of our work. 

What’s more, we offer you the added attraction of working and living in the 
beautiful San Fernando Valley in Southern California. It’s to your advantage 


to write immediately. 


Thermodynamicists—To analyze and 
develop high speed, subsonic and supersonic 
turbines. Aircraft jet engine or industrial 
steam turbine experience desired. 


Turbomachinery Engineers —To work on 
the analysis, design and development of high 
speed rotating machinery. Openings are 
available for specialists in Gearing, Bear- 
ings, Rotating Seals, Subsonic and Super- 
sonic Turbines, Centrifugal and Axial Flow 
Pumps and related mechanical activities. 


Analytical and Experimental Develop- 
ment Engineers—With background in 
Thermodynamics, Aerodynamics, or Hydro- 
dynamics, to work on subsonic and super- 
sonic turbines, radial and axial flow pumps 
and other problems associated with high 
speed rotating machinery. 


Engineers— Mechanical and Aerodynamic 
Engineers with experience on compressors, 


Write Mr. Grant Baldwin, Rocketdyne 
Engineering Personnel, Dept. 596 JP 
6633 Canoga Ave., Canoga Park, Calif. 


POW ER 


turbines, high speed axial flow and centrif- 
ugal pumps for analysis, design and experi- 
mental development work on high speed 
turbomachinery. 


General Mechanical Design of components 
of high speed rotating machinery such as 
gears, bearings, rotating seals, hydraulic 
drives and transmissions, turbines and 
pumps. 


Hydrodynamicists for analytical and ex- 
perimental development work on centrifu- 
gal and axial flow pumps. 


Aerodynamicists and Thermodynamicists 
for analytical and experimental develop- 
ment work on high speed subsonic and 
supersonic turbines. 


Stress Analysts with experience on high 
speed turbomachinery. Background in gas 
turbine and jet engines preferred. 


ROCKETDYNE 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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AIRBORNE ELECTRONICS 
AND 


WEAPON CONTROL SYSTEMS 


At Ramo-Wooldridge today there exists a wide range 
of projects intended to aid aircraft in navigating to the 
vicinity of targets, finding the targets, destroying them, 
and returning safely to base. Work is under way in such 
fields as infrared and microwave detection, information 
display, communication and navigation, and analog and Simulators in computing center 

digital computing. Some projects are in the laboratory 
development stage, some in the flight test stage, some 


in pilot production. Positions are available for scientists and engineers 


in these fields of current activity: 


Communications Systems 


Good progress is being made in the establishment of Digital Computers and Control Systems 

facilities and operational patterns that are well tailored Airborne Electronic and Control Systems 

to the unique requirements of adva . Electronic Instrumentation and Test Equipment 
4 4 f nced electronic Guided Missile Research and Development 


systems work. Automation and Data Processing 
Basic Electronic and Aeronautical Research 


The Ramo-Wooldridge Corporation 


8730 ARBOR VITAE STREET, LOS ANGELES 48, CALIFORNIA 
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Editor-in-Chief 


MARTIN SUMMERFIELD 


AMERICAN ROCKET SOCIETY 


Lifetimes of Satellites in Near-Circular and 
Elliptic Orbits 


N. V. PETERSEN! 


Sperry Gyroscope Company, Great Neck, N. Y. 


The problem of determining the approximate lifetime or 
duration for simple satellite configurations as influenced 
by the gravitational field and atmospheric envelope of the 
Earth is considered. The equations of motion for the case 
of initial near-circular and elliptic orbits for spherical and 
conical body shapes exposed to the rarefied atmosphere are 
shown. An approximate solution for the differential equa- 
tions of motion is presented for the special case of diffuse 
reflection for free molecule flow. Lifetimes for small in- 
strumented satellites having a mass-area ratio of 1 slug/ft?, 
satellite bodies having extremely small mass-area ratios of 
0.1 slug/ft?, and for large vehicles having mass-area ratios 
of about 10 slugs/ft? are shown. The lifetimes of satellites 
increases markedly with altitude and mass-area ratio. 


Nomenclature 
A position of apogee 
a Joho? 
b constant 
Ca drag coefficient 
constant 


mean molecular speed 

mean diameter of gas particle 

drag energy 

kinetic energy 

potential energy 

total energy 

centrifugal force 

drag force 

gravitational force 

fraction of gas particle stream absorbed 


acceleration of gravity 
Go Earth surface value of acceleration of gravity 
h orbital altitude above Earth surface 
°K absolute temperature degrees Kelvin 
l molecular mean free path length 
L characteristic length of vehicle 
m mass 
Earth’s mass 
M molecular speed 
m molecular or particle density 
P position of perigee 
r altitude above Earth’s center 
Ry mean radius of Earth 
dr increment of altitude 


radial acceleration 
radial velocity 

Presented at the ARS 25th Anniversary Annual Meeting. Nov. 
14-18, 1955, Chicago, IIl. 

' Engineer, Airborne Weapons Systems. 
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S = reference area 

t = time 

ty = satellite lifetime 

T = orbital period for stationary Earth 
Te = rotational period of Earth 

= path velocity 

V = path acceleration 

Vy = normal velocity 

Vr = radial velocity 

AV = drag attenuation of path velocity 
7. = Vs = circular or satellite velocity 

ai = angle of incidence 

6 = boundary layer thickness 

oR = density ratio Rand (Ref. 7) data 

oG = density ratio Geophysical (Ref. 8) data 

p = density variation 

Y = gravitational constant 

B = flight path angle 

m/a = mass-area ratio 


I Introduction 


ECENT technological developments in the fields of 
rocket propulsion, guidance, and related sciences indi- 

cate that feasibility of circular motion about the Earth can 
readily be shown. Flight speeds in excess of that required 
for circularity at the Earth’s surface, that is, velocities greater 
than about five miles per sec, will permit the establishing of a 
permanent or near-permanent orbit about the Earth. The 
first orbiters, or satellite vehicles, to be launched will un- 
doubtedly be relatively small instrumented research vehicles 
developed for the prime objective of obtaining extra-atmos- 
pheric data such as cosmic ray intensities, solar radiation, in- 
tensity of Earth’s reflected light, Earth’s magnetic field, and 
many others. Additionally, probably the most elementary 
satellite vehicle, a simple sphere of some arbitrary mass, m, 
would permit the determination of the atmospheric density at 
extreme altitudes. Through the use of tracking devices, radar 
or optical, the determination of the trajectory of a sphere 
initially constrained to a circular or near-circular path about 
the Earth and continuously influenced by the drag existing in 
the rarefied atmosphere would permit the density variation to 
be ascertained precisely. Perturbations of the orbit would 
provide for gravity determinations and triangulations of orbit 
position would give precise land surveys over large bodies of 
water. This paper considers the particular aspect of estimat- 
ing the lifetime, tz, or duration, for a simple satellite configura- 
tion from an arbitrary initial near-circular or elliptic con- 
straint at launch to decay to the surface of the Earth. Al- 
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though the atmospheric density assumed to exist at extreme 
altitudes, above 100 miles, though relatively small when com- 
pared to the Earth’s surface value, will over a long period of 
time, influence the flight path or orbit of a satellite vehicle. 
The integrated effect of the drag will gradually reduce the 
orbital altitude with the more dense regions of the atmos- 
phere, finally terminating the initially established circular or 
elliptic motion. 

Factors affecting the near-circular orbit lifetime, as shown 
by the equations of motion, are the density variation, p, the 
drag coefficient, ca, occurring for the condition of free molecule 
flow, and the gravitational potential of the Earth, g. 

For the case of eccentric or elliptic orbits, the orbit lifetime 
is similarly influenced by the same factors as for circular 
flight. However, the problem is further complicated by the 
periodic variation in density with the altitude extremes of the 
orbit, that is, apogee and perigee. For a highly eccentric 
orbit, the apogee altitude would be sufficiently large to permit 
the assumption of zero drag at apogee to be a reasonable ap- 
proximation. Consequently, the satellite would undergo a 
retardation only at perigee where it encounters the denser re- 
gion of the atmosphere, thus consuming part of its initial total 
energy Er. For an elliptic orbit having an initial apogee at 
1000 miles and perigee at 100 miles considering the drag re- 
tardation occurring only at perigee will reduce the apogee and 
perigee point on each successive revolution around the 
Earth. A further approximation to the determination of the 
elliptic orbit lifetime is made by assuming that continued 
orbiting of the vehicle does not appreciably reduce the point of 
perigee. That is, the perigee point remains fixed throughout 
the orbit decay with the apogee point being reduced by an in- 
crement, Aha, proportional to the drag energy, Ez, occurring 
during immersion in the atmosphere. 

This paper shows (a) the general characteristics of circular 
motion neglecting the drag effects, (b) the structure of the 
atmosphere, (c) the free molecule flow drag considerations, 
and (d) the equations of motion for a satellite vehicle on 
circular and elliptic orbits. An approximate solution to the 
nonlinear differential equations of motion for near-circular 
constraint is shown. 

Some effort has been directed toward determining the orbit 
lifetimes for various satellite configuratious. Saenger (1)? and 
Ehricke (2) have estimated the altitude loss per revolution, 
Ar/rev and the ratio of the velocity attenuation due to drag, 
to the circular velocity, Av/v., respectively, for the 22,000-Ib 
supersonic skip-bomber and the 11,000-lb orbital carrier. 
The orbit lifetimes for the skip-bomber are based on a con- 
servative system with equilibrium existing between the 
kinetic, potential and drag energies. That is, the reduction in 
potential energy (gravitational) and the increase in kinetic 
energy (of motion) is equated to the work of the air drag per 
revolution. The total lifetime from launch at circularity to 
the surface is not shown in either of these papers. However, 
from Saenger, an estimate is made for the special case of the 
total time for the vehicle to dissipate one per cent of its 
original altitudes. Singer (3) has shown the estimated life- 
times for the MOUSE for the conditions of circular and slightly 
eccentric elliptical orbits. The atmospheric characteristics 
and the technique in solving the equations of motion, how- 
ever, have not been published. The orbit lifetime is shown to 
vary markedly with launch altitude and orbit eccentricity. 
For the elliptic orbits the drag that exists in the region of 
perigee rapidly adjusts the elliptic path to that of a circular 
orbit. Lifetimes are estimated for altitudes up to 1000 kilome- 
ters for a MOUSE-type vehicle. 

Reference is made to the author’s earlier paper (4). The 
lifetimes for spherical satellites having mass-area ratios from 
0.1 to 10 were determined for the cases of near-circular or- 
bits. This paper includes the lifetime estimates from (4). 


2? Numbers in parentheses indicate References at end of paper. 
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Ehricke (5) has recently estimated the lifetimes for spheres 
with initial orbital altitudes up to 200 miles with the analysis 
based on a conservative system assuming the kinetic, poten- 
tial, and drag energies being continuously in equilibrium. 

The significance of orbit lifetimes is that the purpose of an 
orbital device is related to the degree of orbit stability that 
exists for a given altitude. For low altitude orbiters, for both 
circular and elliptic cases, the usefulness is limited to short 
period research studies and refueling and payload transfer, 
This altitude, as shown in this paper, is perhaps from 100 to 
200 miles, or approximately the 90-min orbit. Near-perma- 
nent orbits, as required for extended research studies, «stro- 
nomical observation, long period reconnaissance of the 
Earth, weather observation and space stations for departure 
points of extended expeditions, exist at altitudes of 500 to 
1000 miles, or near the two-hour orbit (1075 miles). This is 
assumed to apply for elliptic orbits as well as circular orbits, 
where perigee occurs at these same minimum altitudes. 

The special case of extremely low density satellites, thin 
metal-foil spheres by Pierce (6), for use as a communication 
relay station may require for a near-stable orbit altitudes 
considerably in excess of the two-hour orbit. 


II Characteristics of Circular Orbits 


The general characteristics of satellite vehicles in circular 
orbits about the Earth, that is, the satellite velocity and 
period, can be shown to be simple functions of the Earth’s 
surface value of gravitational acceleration, go, the Earth’s 
mean radius, Ro, and the orbital altitude, h. Fig. 1 illustrates 
these characteristics for orbital altitudes from sea level to 
10,000 miles and additionally shows the gravitational ac- 
celeration variation. 
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Satellite velocity, acceleration of gravity, and satellite 
period vs. altitude 


Fig. 1. 


Although Fig. 1 shows orbital altitudes to 10,000 miles, the 
estimated lifetimes for satellites discussed in this paper will be 
made at the lower altitudes, principally from 100 miles to 400 
miles for circular orbits and from 100 miles to 1000 miles for 
elliptic orbits. In Fig. 1, the vertical dashed lines show 
orbits at 167, 350, and 1075 miles. The upper and lower alti- 
tude extremes were chosen for the following reasons: (a) h = 
167 miles represents the 90-min orbit and is perhaps a prob- 
able minimum altitude for the first instrumented satellite 
probes having useful lifetimes of 1 to 20 days. This altitude 
is probable lower limit for refueling or payload transfer 
orbits. (b) h = 1075 miles: Classic two-hour orbit proposed 
for large manned satellites, space stations, and as departure 
orbit for interplanetary transits. 

The variation of g with altitude as shown in Fig. 1 is ex 
pressed by the equation 
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This is simply the inverse square law showing the attenuation 
of the gravitational attraction with altitude above the surface. 

The satellite velocity is determined by equating the centrifu- 
gal force, F., of a vehicle in circular flight about the Earth 
to the gravitational force, F,, exerted by the Earth’s mass on 
that of the vehicle. This equilibrium condition for circular 
fight is then F, = F, and is shown by Equation [2] 


where 
m vehicle mass 
angular velocity of vehicle about the Earth 


® 
(Ry) +h) = orbital altitude above Earth center 


ll 


The substitution of v = rw where r = (Ro + h) and Equation 
[1] for g then gives the satellite velocity in terms of Ro, go, and 
has 


As shown by Fig. 1, the satellite velocity, V., decreases from 
the Earth’s surface value of about 4.9 mi/sec (25,920 ft/sec), 
to zero at an infinite altitude. The value for the two-hour 
orbit has, however, diminished only to about 4.39 mi/sec 
(23,000 ft/sec). 

The orbital period, 7, is expressed similarly as a function of 
mw, Ry, and h. For a stationary Earth, the period in terms of 
J, is 


V, 
In terms of orbital altitude, h, Equation [4] becomes 


Inasmuch as the lifetime of a satellite is directly influenced by 
its orbital altitude and mass, it is considered pertinent to 
illustrate the available potential, kinetic, and total energy per 
unit mass of vehicle, for dissipation by the aerodynamic drag 
forces as shown in Fig. 2. The total energy existing at any 
arbitrary orbital altitude is 

[6] 
where Z, is the potential energy as obtained by integrating 
the expression for the work expended in traversing the gravi- 


tional field, and Z, is the necessary kinetic energy to maintain 
circularity about the Earth. The equation for EZ, is 


which, for the limits of Ry and (Ro + h) and unit mass be- 
comes 


h 
The kinetic energy, E,, for unit mass is for circularity then 


As shown by Fig. 2, the potential energy simply increases with 
altitude, whereas the required kinetic energy diminishes. 
The total energy existing on orbit per unit mass is then the 
summation of Equations [8] and [9], or 


Rogo Ro + 2h 
E, = — {| ——— }............... 
2 + *) 


Since the limits of the atmosphere extend to extreme altitude, 
there exists, say for altitudes below 500 miles, sufficient at- 
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Fig. 2. Potential, kinetic, and total energy required to 
place unit mass on satellite orbit vs. altitude 


mosphere, though tenuous, to effectively retard the motion 
of a satellite. The total energy shown by Equation [10] to 
insure or maintain circularity assumes the addition of suf- 
ficient thrust forces to overcome the aerodynamic drag. 
Since the continual expenditure of propellant or energy would 
normally not be affected, at least for minimum satellites, the 
orbital energy is then dissipated by the existing drag forces. 
At altitudes above h = 200 miles, where the density, p, from 
Rand Report R-105 by Grimminger (7) is less than 2.83 X 
10—}3 slugs/ft*, the effect of the drag on the vehicle path for a 
single revolution is insignificant. However, integration of the 
drag energy over a reasonable length of time considerably 
affects the satellite orbit. With continued orbiting, the total 
energy of the satellite may be consumed and ultimately de- 
stroyed on flight at the very low altitudes. 


III Characteristics of the Atmosphere 


The general structure of the Earth’s atmosphere from the 
surface to extreme altitudes has been approximately defined by 
direct experimental measurements by rocket firings using V-2’s; 
and by Vikings and Aerobee vehicles in the upper-atmosphere 
physics studies conducted at White Sands Proving Ground and 
at the equator. Specifically, La Gow (8) gives experimental 
data on pressure, density, and temperature up to altitudes of 
100 miles. Other studies by Whipple (9), Warfield (10), 
Spitzer (11), Goody (12), Grimminger (7), and others, give 
experimental and theoretical data of the upper atmosphere. 
The latter of these by Grimminger was used in part in this 
paper, since estimated values for the characteristics are given 
for the altitudes of interest, namely, from 100 miles to 1000 
miles. Grimminger presents three atmospheric models, each 
based on different theories. Since all three models indicate 
close agreement for all altitudes below 1000 miles, only the 
characteristics of Model I are discussed. An extrapolation of 
the experimental data (8) was made due to the significant dis- 
agreement with the theoretical data (7). The orbit lifetimes 
were estimated based on these two references. The structure 
of the atmosphere is usually assumed to consist principally of 
four main regions. These are the troposphere (from sea level 
to about 10 miles), stratosphere (from 10 miles to 40 miles), 
ionosphere (40 miles to 400 miles) and the exosphere (400 
miles extending outward to interplanetary space). The 
principal region of interest for determination of satellite life- 
time is considered to be that of the ionosphere, where the 
lower region exhibits a sizable density value, though still 
tenuous relative to that at sea level, sufficient to retard free 
flight orbital motion to only a fraction of, or at most, a few 
complete revolutions about the Earth. The upper limit of the 
ionosphere is perhaps the lower boundary for near-permanent 
satellite orbits, since the reduction in density becomes vastly 
less than at the lower limit of this region. The density ratio, 
o, at the equator, at 50 miles altitude, is 4.951 x 10-5, 
whereas at 500 miles it is 2.68 X 10~!*. Bodies in motion at 
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these altitudes will then be subjected to drag forces directly 
proportional to these density ratios. Thus the drag forces on 
a vehicle at 500 miles will be ~ 5.4 X 10~* that at the lower 
limit of 50 miles. 

The composition of the ionosphere is considered to be com- 
prised of nearly the same oxygen-nitrogen ratio as at sea 
level, or about 30 per cent oxygen and 70 per cent nitrogen. 
However, due to the absorption of ultraviolet solar radiation, 
the molecular oxygen is dissociated and exists in this region 
as atomic particles. The nitrogen remains in the molecular 
state. The mean molecular weight does not vary significantly 
from about 24 throughout this region. The kinetic tempera- 
ture, however, varies markedly with altitude. Grimmin- 
ger (7) assumes that the temperature varies uniformly from 
the sea-level value out to 10,000°K in free space. This then 
leads to sizable molecular velocities, consequently affecting 
the drag coefficient characteristics. A Douglas Aircraft re- 
port considers a uniform kinetic temperature of 4000°F exist- 
ing beyond 400 miles. This would greatly reduce the mean 
molecular velocity and directly increase the molecular speed 
ratio M. (where M . is the ratio of the most probable mole- 
cular speed and the free stream velocity of the body). This 
would reduce the drag coefficient somewhat. 
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Fig. 3 Atmospheric density ratio vs. altitude 


The experimental data available from rocket firings show a 
considerable variation from that of Grimminger. Direct pres- 
sure measurements by rocket firings to 100 miles indicate that 
the og (where the subscript @ refers to the Geophysical data 
(8) and og refers to the Rand (7) data) value is approximately 
1.7 X 10~*, whereas the Rand data indicate a value of ce of 
3.3 X 10-%. This is a variation of about 20. A simple ex- 
trapolation of this to higher altitudes was then made. Fig. 3 
illustrates the density ratio used in this paper. 


IV Aerodynamic Characteristics of Free 
Molecule Flow 


In the rarefied atmosphere of the Earth as existing at ex- 
treme altitudes the mechanics of flight are described by the 
equations of free molecule flow theory or superaerodynamics. 
Zahm (13) published one of the original papers on the dy- 
namics of rarefied gas flow. Later, Saenger (14, 15), Tsien 
(16), Snow (17), Ashley (18), Garfunkel (19) and others show 
detailed analyses of the lift and drag coefficients occurring for 
various body configurations in high speed flight at extreme 
altitudes. 

Of direct interest in the mechanics of free molecule flow are 
the particle density, p, the mean free path length, 1, and the 
mean molecular speed, ci. 

As shown by Tsien (16), the realm of superaerodynamics is 
defined by the ratio of the body size (vehicle) to the mean free 
path length of the particles in the gas flow. 

The mean free path length, /, of the gas particles is deter- 
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mined (7,22) by l=1/(x V/ 2nd?) where n = p/mis the molecu. 
lar or particle density, or more directly, is the number of 
gas particles per unit volume. The density, p, is the volume 
mass density, m the mean mass of the gas particles, and d the 
mean diameter of the gas particles. Thus, the mean free path 
varies inversely with particle density and the characteristic 
dimension of the particle. At low altitudes, the density is 
sufficiently large so that the mean free path length, J, of the 
gas is much smaller than the characteristic length, L, of the 
vehicle or the boundary layer thickness, 6 (at sea level | ~ 7.4 
xX 10-7 ft). For conventional gas dynamics (subsonic and 
supersonic flow) the fluid is considered as a continuous 
medium with | < L or 6 with viscosity being an important 
factor. At higher altitudes, near 40 miles, at the lower linit of 
the ionosphere, the mean free path length is about one inch, 
The path length at the altitude of 75 miles becomes about one 
foot. At higher altitudes the value of / becomes much 
greater than even the vehicle dimension, where at 150 miles, 
l = 300 feet, and at the upper limit of the ionosphere at 400 
miles the mean free path length is about 2.17 X 10° feet or 40 
miles. For the major part of the ionosphere the atmosphere 
cannot be assumed to be a continuous medium, but must be 
considered to consist of independent particles. The concept 
of Reynolds number, which is significant in conventional gas 
dynamics at low altitudes, considers the relationship of the 
inertia and viscous forces existing. However, in a rarefied gas 
flow the viscous action does not apply. 

In the tenuous atmosphere surrounding the Earth, the force 
acting on a surface is based on the assumption that the gas 
particles are reflected principally, in one of two different ways. 
These are by the mechanisms of specular or diffuse molecular 
reflection. The first of these, specular reflection, assumes that 
the incident stream of particles are elastically reflected from 
the exposed body surface as shown in Fig. 4(A). This phe- 
nomenon is assumed to be applicable only for very low angles 
of incidence and for bodies having extremely smooth sur- 
faces. The fraction of a molecular stream that is reflected 
specularly is directly dependent upon the “smoothness” of 
the reflecting surface, i.e., the roughness height. If the sur- 
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face projections (roughness) are small compared to the 
characteristic wavelength of the impinging molecules, specu- 
lar reflection cannot occur (17). Structural surfaces, though 
highly polished, are considered rough on the molecular scale. 
Millikan (20) shows the fraction of the molecular flow that is 
reflected in this manner is extremely small, less than 3 per cent 
to 10 per cent, for most materials and surface conditions. 
The remainder and largest portion of the molecular stream 
striking the surface, that of diffuse reflection, Fig. 4(B), is as- 
sumed to be absorbed by the surface. In this manner the en- 
tire kinetic energy is absorbed by the immediate surface layer 
of the body, thus raising the temperature level of the body. 
The absorbed molecules are assumed to attain temperature 
quilibrium with the surface after some finite time interval 
and then to be emitted at some velocity dependent upon the 
body temperature. The fraction of molecules absorbed by the 
surface is expressed asf. Normally, the value of f is from 0.9 to 
1.0 with the fraction of the stream reflected specularly being 
then (1 —f). Since the value of (1 — f) is usually small, only 
the diffuse kind of reflection is considered. Fig. 7 shows the 
drag coefficient for only the diffuse case for spheres and cones. 

An additional type of flow suggested (18-20) is similar to 
Newton’s inelastic particle reflection, wherein the molecular 
stream simply collides with the surface and is deflected only 
through the body angle a;. The flow then follows the surface 
with the normal component of velocity being absorbed and 
the tangential component being unaffected. This gives then, 
one half the value for the drag coefficient of specular (elastic) 
reflection. Fig. 4(C) illustrates this type of flow. 

The drag coefficients are shown, from theory, for various 
body shapes, i.e., spheres (17-19), cones (17-19), cylinders 
(19), double ogives (19), and flat plates (14, 18, 19). The 
drag coefficients are shown, in Fig. 5, plotted versus the free 
molecule Mach number or, molecular speed ratio, M = V/c;. 
This is the ratio of the free stream velocity, V, to the most 
probable molecular speed, c, of the impinging stream, where 
¢ is directly a function of the kinetic temperature of the 
molecule. Thus Me = V/v; = V/~/2KT, where K is the 
Boltzmann constant and T is the kinetic temperature of the 
molecule. Since the free stream speeds considered in this 
paper are near the circular velocity for altitudes of 100 miles 
to 1000 miles, it is evident that the probable M. is usually 
from 5 to 10. The drag coefficients thus, for most cases, is 
slightly greater than 2. For convenience, the value of 2 was 
used in the computations. 


V_ Equations of Motion (Circular Orbits) 


It is assumed that the Earth satellite is initially con- 
strained to near-circularity in the gravitational field of the 
Earth and subjected to a drag acceleration as influenced by 
the mass of the satellite and its drag-coefficient velocity rela- 
tionship. A two-body system is assumed with the orbital 
motion being coincident with the equatorial plane. This is 
shown in Fig. 6. 

The differential equations of motion, expressed in polar 
coordinates, are as follows 


ar 

[13] 
r 


Equations [11] to [14], respectively, show the relationship 
existing for the acceleration of the satellite along the radius 
vector, *; the path acceleration, V; the angular acceleration 
of the radius vector, w; and the path velocity, V. The com- 
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Fig. 7 Satellite acceleration diagram 


ponents of Equations [11], [12], and [14] are discussed in the 
following sections where reference is made to the velocity, , 
force, and acceleration, as shown in Figs. 6 and 7. ! 


Path Velocity 


The normal and radial components of the path velocity, 
Equation [12], are illustrated in Fig. 7. The normal com- ; 
ponent, Vy, is 
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The path velocity at any instant of time or path location is 
then 


As shown in Fig. 6, the path velocity for any orbit is given by 
Equation [17]. For the special case of circularity, r is zero 
and Equation [3] then shows V to be a simple function of Ro, 
go, and h. However, for the case of an elliptical orbit, with 
zero drag, r would be periodically positive or negative, de- 
pending on its orbital position. 


Radial and Flight-Path Forces and Acceleration on Body 


The velocity and accelerations that exist on the satellite 
body at any instant due to the gravitational field, the re- 
sisting medium (free molecule flow effects), and the centrifugal 
motion are shown in Figs. 6 and 7, respectively. The three 
forces act on the body in such a manner as to constrain its 
motion to a spiral path from the initial conditions of near- 
circularity. These forces and accelerations are listed below. 


Gravitational 


The force of acceleration which the Earth exerts on a mass 
point at a height h, above the surface is 


r? 
where 
goRo? 

= gravitational constant 

M, = earth mass 

m = satellite mass 

Ry = earth mean radius 


r =(R) +h) = orbital altitude above Earth center 


Substitution of the gravitational constant into Equation [18] 
then gives 


and is directed along the radius vector (assumed negative) 
toward the Earth’s center. For unit mass, the radial accelera- 
tion due to gravity is 


where a = goRo?. The flight path component is 


From the geometry of Fig. 6, the sine of the elevation angle, 
B,isr/V. Equation [21] is then 


Centrifugal 


The centrifugal force resulting from the curved flight path is 
simply 


and is directed along the radius vector, away from the Earth. 
For the acceleration, this reduces to 
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Drag 


The drag force exerted by the molecular stream along the 
flight path is 


where 
V = free stream velocity 
p = density 
S = reference area 
Cy = drag coefficient, specular Cp, or diffuse Cp, 


The solution of the equations of motion, Equations [11] to 
[14], shown in this paper is a step-by-step process, with the 
drag coefficient assumed as constant and equal to 2 through- 
out a given interval of altitude r. For unit area, (S = | ft?) 
and p = pave during the interval Equation [22] becomes simply 
F, = c'V?, where c’ is a constant and equal to CpSpave/2 = 
Pave/2. For a body of unit mass (1 slug) the drag acceleration 
(assumed negative) along the flight path is 


Va = 
m m 


The radial component of the drag acceleration, 7 a, is 


[27] 
m 


and from geometry 


The resultant radial acceleration, 7, from Equation [11] is the 
summation of Equations [20], [24], and [30] shown by 


The first two terms on the right of Equation [12] represent the 
general equation of planetary motion. The third term, 
—ciV is the forcing function, due to the drag that perturbs 
the planetary motion to a spiral path. Further, Equation [11] 
for the case of zero angular rotation of the body about the 
Earth, i.e., « = 0, then becomes the classical representation 
describing the motion of a body falling in a gravitational field 
in a resisting medium. Similarly, the flight path acceleration, 
V, from Equation [12] is the summation of Equations [22] 
and [26] shown by 


The angular acceleration function for @ from Equation [13] 
is obtained from the expressions for V, V, and r. 


Solution of Equation of Motion 


It is noted that Equations [11] and [13] are obtainable from 
the Lagrangian equation of motion (23) for the case of a small 
perturbation of a system from the initial condition of equi- 
librium. This considers the kinetic and potential energies, 
E,, and E,, of the system as influenced by the dissipation or 
resistance function (drag) E,. The Lagrangian equations are 


given as 
dt \ or or or or 

and 
d 
dt \ 06 00 06 00 


Substitution of the functions for F,, E,, and E, reduces 
similarly to the nonlinear equations of [11] and [13] for the 
case of a resistance function proportional to V*. 
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Fig. 8 Altitude-loss (Ah) per revolution for satellite vehicle vs. altitude 


A solution in closed form for the nonlinear differential equa- 
tions [11] and [14] was not affected. 

A solution by numerical integration from Milne (23) was 
initiated; however, insufficient time was available to com- 
plete this. Consideration has been given to the solution of the 
Equations [11] to [14] through use of an analog computer. 
It is suggested by Forbes (25) that these equations can be 
solved on the analog computer through the use of alternate 
equations that eliminate the difficulties due to the small 
values of r occurring for a near circular orbit. Forbes (25) 
has studied the case of a powered orbit in free space (with 
radial accelerations of from 0.001 to 0.0001 g) in effecting 
transits from the Earth’s orbit to another target planet. The 
problem considered in Forbes’ paper is one equation more 
complicated to mechanize on a computer since the equations 
of motion of the target planet are required. In this paper, 
this is not considered. It is anticipated that satellite lifetimes 
can similarly be determined for the unpowered trajectory with 
a resistance force acting with correspondingly small radial 
accelerations. 

The approximation for the lifetimes or duration of the skip- 
bomber from circular orbits has been made by Saenger. This 
was determined for the special case of equilibrium existing at 
-- times between the kinetic, potential, and drag energies as 
ollows 


+ AB, +08, @0.............. [33] 


where the kinetic, potential, and drag energy functions, re- 
spectively, from Equations [8], [9], and [25] for circularity for 
unit mass are 


Rogo (Ro + 2h 
R,? 
Ea = pg [35] 


The energy of drag per revolution is then 


2rpgolo? 
rev 


Ea/rey = ——— [36] 
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and the number of revolutions for a loss of Ar in altitude is 
AE, 
n= —— 
E,/rev 


Considering the number of revolutions for a loss of one per cent 
(0.01) of the original altitude results in the equation 


Rogo Ro + 2h; Ro 2h. 
t ai Ex 2 [( Ro (% he ) [ 
and the equation for the drag energy of 


pr + p2) 


rev 


Combining Equations [38] and [39] and using h, = 0.99h 
results in the equation for the altitude loss/rev of 


(Ro? + + 0.992)... . . [40] 
1 


This equation is shown plotted in Fig. 8 for a body of 1 sq ft 
area and mass of | slug. Also shown in this figure is the Ar/rev 
for the 11-ton skip-bomber (1). The estimated partial life- 
time for this vehicle to lose 1 per cent of its altitude is listed 
in the figure. 

From Ehricke (2) the effect of retardation or orbit stability 
of the 5.5-ton vehicle is discussed. Considering the effect of 
drag on attenuating the path velocity, the value of AV/V is 
computed simply by considering the drag effect for one revo- 
lution as follows 


AV (—cV?) At 
V 


where At = time for one revolution and c is a factor consider- 
ing the area, mass, and atmospheric density. 

An approximate solution to Equations [11] to [14] per- 
mitting a step-by-step process suggested by C. Waters* is 
based on the assumption that the path velocity does not vary 
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During a given time 
interval, At, the atmospheric drag acting on the vehicle 
diminishes the orbital altitude from rp to r; or Ar, and as well, 
the angular rotation ranges from a tow. Additionally, the 
assumption is made that the product cV is constant for a small 
change in altitude. The equations of motion are then 


appreciably for a small interval of Ar. 


Rearranging terms in Equation [43] 


[44] 
and integrating results in 
log wr? = — bt + [45] 
and finally 
wr? = kee, [46] 


where = when t = to 


Substitution of the value for kz = wr;? into Equation [46] 
leads to 


ro? 
r 


Substituting Equation [48] into Equation [42] then gives the 
acceleration equation of 


r3 r2 


and rer = wrote — ar — brr’........... [50] 


Combining terms and setting the r* terms equal to a constant 
79°, for small values of t, r is nearly equal to 7. Equation [50] 
is solvable for r as follows. 


ro? 


Letting 


and differentiating twice gives 

and [54] 
Substituting Equations [52], [53], and [54] into [51] gives 
1-0) — + 


a 
0 


Simplifying Equation [52] and solving for the constant A 
gives 


The equations for r and 7, upon substituting the value of A 
into Equations [52] and [51] are 


and = [58] 


The initial values for w) at ¢ = 0 is found by substituting into 
Equation [59] the values for the constants and placing the 
exponential term = 1. Then 
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also 


y= = [59] 


The latter equation shows that the radial velocity is not zero 
at ¢ = 0, but is directly a function of the drag acceleration, 
initial velocity, and altitude. The approximate variation of 
the near circular flight at t from exact circularity is demon- 
strated by considering the flight path angle, 8, that the path 
velocity vector makes with the horizontal. Thus, sin 3 = 
+/V and for small angles 8 = #/V. From Equation [59] for 
an altitude of h = 300 miles with cy) = 0.145 X 10~% and |) = 
17055 mph, the angle 6 is about 1.23 X 10~* radians. Conse- 
quently, the degree of eccentricity at problem initiation is ex- 
tremely small. 

The differential equations of motion from Equations [11] 
and [13] are then 


and 


with the initial conditions at t = t and r = 7p being 


a 1/, 
and 
r2 


The time interval, At = t — t, can be determined directly 
from Equation [64] for an arbitrary altitude loss, Ar, based on 
an average value for c and using the first two terms of the series 
expansion of the exponential term as follows: Since 


r — BoVolt — [66] 


The time interval for a loss in altitude of Ar = ro — ris then 


For the second interval, having determined r, and t;, the dif- 
ferential equations of motion are then 


r= rw? — [68] 
and 
9; 


with the initial conditions at ¢ = t; and r = r, being 


a 1/2 
r 
Vi = (#1? + [72] 


Equations [70] and [71] in the first and second interval then 
involve three equations with three unknowns. By squaring 
and solving simultaneously, or by determinants, three inde- 
pendent equations for w;, *; and V; in terms of constants and 
r, are obtained. These are 
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= [74] 
and 
Vv; = [75] 
where 
1 
1- 


The solution for Equation [68] is then approximately 


1/2 


and for small values of r 


A simple approximation of Equation [77] is obtained by 
noting that since k; = 1/(1 — 6c;%r,?) and for the altitude of 
interest of about 4000 miles, 6c,27,2 is extremely small with 
= 1. Equation [77] becomes 


cee 
(*) 


From the circularity equations, where v? = goRo?/r = a/r, the 
time interval At, for any arbitrary altitude loss r, = ro — r; is 


At=t-t= [78] 


Vo 


Af, = to = [79] 


where the subscript n denotes the interval considered and 0 
and | the initial and final values for r, V, andt. The average 
value of c is used throughout the interval. The total lifetime, 
t,, from initiation of near-circularity to the surface is then the 
summation of the At’s. Equation [79] is shown plotted in Fig. 
9 for the special case of a sphere or cone having a drag co- 
efficient Cz = 2, (diffuse reflection) cross-sectional surface 
area s = 1 ft? and mass of 1 slug based on the Grimminger 
atmospheric density data (7) and the Geophysical data (8) 
extrapolated to altitudes above 100 miles. Since the constant, 
¢, involves the mass-to-area ratio m/a, this is used to indicate 
the effect of bodies having a large value of kinetic energy at 
initiation with respect to the existing drag energy. The solid- 
line curve shows expected orbit lifetimes for a sphere or cone 
from altitudes of 100 miles to 400 miles. The lifetimes for 
sphere (5) having an m/a ratio of 0.1 to 10 slug/ft? varies 
markedly with altitude. At 100 miles the lifetime for m/a = 
1, the lifetime, t, is considerably less than 1 day, whereas at 
200 miles, tz is nearly 100 days. At higher altitudes, i.e., 300 
miles, ¢,, is estimated to be about 1000 days with near-perma- 
nent orbits existing above 500 miles. For large variations in 
m/a the satellite lifetime varies proportionately. In Fig. 9 
this effect is shown for satellite bodies of m/a values of 10 
slugs/ft? and 0.1 slugs/ft?. Bodies having values of about 
1.0 would apply to minimum instrumented probes such as 
those proposed by Singer (3), Stehling (26), Levitt (27), and 
others. The larger values of 10 would apply to bodies having 
large length-to-diameter ratios, large missiles, or manned 
vehicles. Pierce (6) has considered spheres with m/a < 0.1 
for use as radiation reflectors for intercontinental communica- 
tions. These are, however, assumed to be used at extreme al- 
titudes on near-permanent orbits where negligible drag exists. 
The estimated lifetime for the MOUSE (3) (m/a = 1.273) is 
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Fig. 10 Satellite lifetime vs. altitude for circular orbits (rec- 
tangular coordinates) 


also shown, although the method used to obtain the orbit life- 
times is not known at this time. Equation [79] for m/a = 
1.273 shows approximate agreement with data in (3). 

Orbit lifetimes for a 22-lb spherical satellite, as proposed for 
Project Vanguard, are shown in Fig. 9 for circular orbits up to 
200 miles. 

The lifetime is also shown in Fig. 9 for a sphere having an 
m/a ratio of 2.5. This is estimated by Ehricke (5) considering 
a drag coefficient of 2.2. 

Also illustrated for comparison is the curve for the powered 
satellite, the Satelloid (5), showing the lifetime vs. altitude 
for extremely low altitude orbiters. The Satelloid lifetime is 
increased simply by a sustained thrust force to overcome the 
high drag force at the low altitude. The expenditure of only 9 
per cent of the payload extends the orbit lifetime significantly. 

Fig. 10 shows an additional plot of the satellite lifetimes, on 
rectangular coordinates. 


VI Characteristics of Elliptic Orbits 


The space trajectory for a closed orbit about a central force 
field and neglecting atmospheric effects is defined by a conic 
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section, namely, the ellipse. Reference is made to Fig. 11 
showing the two altitude extremes, perigee and apogee. Con- 
sidering elliptic orbits the velocity along the flight path varies 
periodically between a minimum value (perigeal velocity) 
and a maximum value (apogeal velocity). At close proximity 
to the Earth’s surface, perigee, the path velocity exceeds the 
circular velocity, whereas at the extreme altitude position, 
apogee, the velocity is less than that required for circularity at 
that altitude. 


SEMI MINOR 


AXIS PERIGEE 


ELLIPTIC 


SEMIMAJOR // / ORBIT 


AXIS 


EARTH 
SURFACE 


_ 

ALTITUDE 


Fig. 11 Elliptic orbit characteristics 


The equation’s defining elliptic motion for a close orbit 
satellite are (a) polar equation of ellipse, (6) direction angle 
function, and (c) Kepler’s third law of planetary motion. 
These are 

(a) Elliptic polar equation 


(b) Direction angle: 
2 Va? — b* sin Ba 
]........ [81] 
ra +2 Va? — b? cos Ba 


(c) Kepler’s third law of planetary motion: 


tan 2¢4 = 


2 1 
a 
where 
r4 = orbit altitude above earth center 
¢ = directional angle (angle formed by tangent lines of 
orbit and earth’s surface) 
Ba = orientation angle 


Equation [82] as illustrated in Fig. 12 shows the relation- 
ship between the perigee velocity and apogee altitude for a 
family of elliptic orbits having perigees of 100, 200, and 300 
miles, with subsequent apogee altitudes varying up to 1000 
miles. A constant perigee altitude, for example, hp = 200 
miles, with cut-off or perigee velocities equal to or greater than 
that for circularity, V, > V., results in elliptic orbits having 
apogees of increasing altitudes; that is, ha = he. The re- 
quired velocity increase at perigee V, over circular velocity to 
attain an apogee 5 times that of perigee is not large. From 
Fig. 12 the circular velocity at a perigee of 200 miles is 17,250 


350 


mph. An increase of the perigee velocity to 18,000 mph will 
result in the attainment of 1000 miles at apogee. Thus a 4.35 
per cent increase in cut-off velocity will greatly affect the ratio 
of h4 to h,. However, the orbit eccentricity, e (ratio of 
minor to major axis) does not change appreciably. Thus the 
orbit shape remains nearly circular for these cases. 

The determination of the elliptic orbit lifetime in this 
analysis is based on the assumption that the aerodynamic 
drag forces can be neglected at apogee while those near perigee 
simply result in a continual attenuation of the initial total 
orbital energy, existing at problem initation. Fig. 13 shows 
the total energy for a unit mass on an elliptic path about the 
Earth. For the 200 mile perigee the increase in kinetic energy 
to attain an apogee of 1000 miles is simple proportional to the 
velocity ratio of (18,000/17,250)?. Thus a 9.3 per cent in- 
crease in energy is needed to attain this apogee of 1000 miles. 

The drag forces exerted on a sphere for circular orbits is as- 
sumed, for a first approximation, to be applicable as well to 
elliptic orbits. Fig. 14 shows the sphere drag forces occurring 
for circular orbits based on density data from Grimminger (7) 
and LaGow (8). For the latter density data the estimated 
drag force at 100 miles altitude is 1000 times greater than that 
occurring at 235 miles. At 1000 miles the drag force is about 
10-§ times as large as at 100 miles. Thus neglecting the 
apogee drag appears to be a valid assumption. 


VII Determination of Elliptic Orbit Lifetimes 


A precise analysis based on the true orbit perturbations 
caused by the drag forces cannot be readily calculated. 

The orbital energy consumed by the atmosphere during one 
immersion near perigee is estimated to be 


Sp, ,, 
Ea, = («. J ‘) 2ra( Ro + h,) 
where 
E., = drag energy for one rev at perigee 
pp» = density at perigee 
V, = velocity at perigee 
a = fraction of one revolution (1/2 is value assumed ap- 
plicable) that sphere is exposed to atmospheric drag 
Then 


The orbital energy at t = 0 is E,, , with the number of revo- 
lutions 7 to lose Ah miles in altitude is 


] REFERENCE DATA: 
R,=3960 MILES 
= Qo=32.2 FT/SEC* 
| 
wit’ 
e=0.138 
3 = 18 t LES 
2 = CIRCULAR 200 MI 
. =0 
300 
| “Ss 

17 

fe) 1 2 7 8 9 10 
APOGEE ALTITUDE, hg, MILES x (107*) 
FIGURE 
PERIGEE (BURNOUT) VELOCITY VS APOGEE 
ALTITUDE FOR ELLIPTIC ORBITS 

Fig. 12 Perigee (burnout) velocity vs. apogee altitude for 
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Fig. 13. Total energy of unit mass on elliptic orbits vs. apogee 
altitude 


The lifetime is simply then 


The lifetime based on Equation [86] is only a very approxi- 
mate estimate. The time to decay from the 1000 mile apogee 
altitude for the special cases having 100, 150, and 200 mile 
perigees are shown in Fig. 15. For h, = 200 miles the satellite 
loses altitude at the rate of about 50 miles per year; at 150 
miles the rate is 300 miles per year, and at 100 miles is 66 
miles per day. 

The characteristics for the MOUSE (3) showing the life- 
times for the low apogee altitude of 620 miles also appear in 
Fig. 15. These were estimated similarly by summing only the 
drag energy at perigee. The effect of increasing the apogee 
altitude from 620 miles to 1000 miles markedly increases the 
lifetime. 

Table 1 below lists the lifetime data for both circular and 
elliptic orbits. 


VIII Conclusions 


The assumptions made in this paper permit only a “first 
approximation”? answer to the orbit lifetimes. However, the 
actual densities at extreme altitudes are not known very 
precisely, and recent experimental tests indicate that the 
densities are even considerably less than those shown by La- 
Gow (8) in 1952. This may permit the attainment of per- 
manent orbits at much lower altitudes and give greater life- 
times to the first minimum satellites. 
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Flight Mechanics of Ascending Satellite Vehicles 


FRANK M. PERKINS! 


Convair, A Division of General Dynamics Corporation, San Diego, Calif. 


The types of satellite orbits and types of ascending tra- 
jectories to achieve these orbits are discussed. Both ana- 
log and digital computor techniques for trajectory compu- 
tations are briefly described. A solution of the optimum 
vacuum stage thrust axis pitch program is presented for a 
satellite using continuous thrust all the way from ground 
to orbit. The procedure is explained for optimizing the 
trajectory to minimize propellant consumption for a 
vehicle using a power-off coast up to the orbit. 


Nomenclature 
D = drag 
g = gravity acceleration = p/r? 
I = specific thrust = thrust/propellant flow rate 
R = range measured along surface of earth 
R,« = distance from sun to target planet 
Rp = distance from sun to earth 
r = distance from center of earth or sun to vehicle 
ro = earth’s radius 
T = thrust 
i = time 
t’ = fractional second stage burning time 
= velocity 
W = weight 
Y = altitude 
= universal gravity constant 
a = angle of attack 
8 = depression angle of reference axis below burnout horizontal 
y = flight path angle 
6 = rocket deflection angle 
6 = pitch angle above local horizontal 
6 = initial second stage pitch angle above reference axis 
= range angle = R/ro 
= second stage pitch angle measured above launcher hori- 
zontal 
Subscripts 
A = apogee or aphelion 
BO = burnout 
C = circular 
E = earth 
MIN = minimum 
r = perigee or perihelion 
S = satellite, staging or sun 
ST = starting 
T = due to thrust 
0 = at surface of earth 
2 = second stage 


1 Introduction 


HE development of the concepts of space travel (1, 2),? 

the need for greater knowledge of the upper atmosphere, 
and the desire for military reconnaisance have created a 
present need for the construction and development of man- 
made satellites. The necessity of keeping the cost and 
propellant requirements to a minimum for placing a vehicle 
in a satellite orbit has spurred efforts to optimize the flight 


Presented at a meeting of the ARS Baltimore Section at the 
Johns Hopkins University, Baltimore, Md., Sept. 27, 1955. 

1 Design Specialist and Head of Performance Analysis Section, 
Preliminary Design and Systems Analysis Group, Model 7 
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352 


mechanics of ascending satellite vehicles. This paper covers 
some phases of the optimization of low altitude continuous 
thrust trajectories and high altitude interrupted thrust 
trajectories. 


2 Types of Satellite Orbits: 


Satellite orbits which involve human activity in space 
might be classified as permanent or temporary. Permanent 
orbits are those in which the satellites will remain in flight for 
more than 10 years before the aerodynamic drag will cause 
them to spiral down toward the earth. These orbits will 
probably be at altitudes in excess of 400 nautical miles and 
will be used for observational purposes. Temporary satellite 
orbits might be subdivided into: 


1. Auxiliary orbits. 
2. Orbits of departure for astronautical expeditions. 
3. Orbits of arrival for astronautical expeditions. 


Auxiliary orbits will be at altitudes of 120 to 150 nautical 
miles and will be occupied for only a few hours. Their purpose 
will be the transfer of payload from terrestrial supply ships to 
space ferries which carry the payload on out to the satellite 
orbit. 

Orbits of departure of astronautical expeditions will 
propably be at altitudes between 350 and 400 nautical miles. 
These orbits will be occupied for durations of about one year 
for the purpose of assembling interorbital vehicles. 

Orbits of arrival for astronautical expeditions for Mars and 
Venus will be 30,000 to 40,000 nautical miles from the earth. 
The duration of occupation of these orbits will be for a few 
days until passengers and cargo can be transferred to vehicles 
from the earth. These orbits will not be occupied by any 
permanent satellites or space stations. 

The optimum orbits of departure are as close to the earth as 
possible; just outside of the atmosphere. Altitudes for orbits 
of arrival and orbits at other planets vary with the target 
planet. 


3 Steps in Development of Interplanetary Flight’ 


Steps in the development of interplanetary flight are in 
chronological order: 


1. Unmanned satellite. 

2. Manned orbital glider (satellite rocket plane). 

3. Permanent space station. 

4. Space ships. 

5. Interplanetary flight. 

The first steps therefore in interplanetary travel are the 
development of manned and unmanned satellites. 


4 Types of Ascending Trajectories 


The subject of this paper deals with transferring the 
vehicle from the ground to the orbit in the most economical 
manner. That is to say, with the minimum expenditure of 
propellant and structural weight. For purposes of flight 
mechanics, powered flight trajectories could be classified 
according to the number of stages. At the end of each stage 


3 Sections 2 and 3 and the parts of Section 5 which relate to 
Figs. 1, 2, and 3 are obtained from Ref. (1). 
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of powered flight some components of the vehicle such as 
tankage and motors are jettisoned to avoid expending 
propellant to accelerate and lift these parts after they have 
served their purpose. 

Ascending satellite trajectories might also be classified 
according to flight mechanics as follows: 


1. Continuous thrust type. 
2. Interrupted thrust type. 


The continuous thrust type utilizes thrust in several suc- 
cessive stages all the way from the earth until the satellite 
orbit is attained. This type of ascent will usually be limited 
to low altitude orbits such as the auxiliary orbits already 
mentioned and orbits for instrumented meteorological 
observational satellites. This latter type of satellite has 
received widespread newspaper publicity recently. The 
interrupted thrust ascent will consist of two or three consecu- 
tive stages of powered flight followed by a power-off coast up 
to an elliptic apogee at the orbital altitude. At this point the 
thrust is resumed to accelerate the vehicle to the velocity 
required to maintain it in its circular satellite orbit. This 
interrupted thrust type of ascent will be used for most 
satellite trajectories. 


5 Optimum Satellite Orbits* 


Before entering into the details of trajectory calculations 
let us consider some general energy relations. The velocity 
required to go from one planet to another is the sum of the 
velocity to escape the home planet’s residual gravitational 
field plus the velocity required to overcome the difference in 
potential energy of the solar gravitational field between the 
two planets. Referring to Fig. 1, the curve represents the 
solar field and superimposed planetary gravity fields as equiva- 
lent parabolic velocity with respect to the sun versus distance 
from the sun. The difference in the square of the velocities 
between any two points on this curve is proportional to the 
energy required to overcome the sun’s attraction in moving 
from one to another. The velocities required to overcome the 
planets’ gravitational fields are shown as V-shaped pockets at 
each planet location. 

The velocity required to leave a satellite orbit about the 
earth and proceed to another planet depends upon the radius 
of the satellite orbit. The larger the satellite orbit, the weaker 
is the gravitational attraction of the home planet. This has 
a tendency to reduce the velocity required to go to another 
planet. On the other hand the larger the satellite orbit the 


lower is the circular velocity of an object in that orbit. This 
has a tendency to increase the additional velocity required. 
Therefore there is an optimum satellite orbit of departure (or 
arrival) to go from each planet to each other planet. It will be 
shown that at this optimum distance of departure (or arrival) 
the energy of the residual planetary gravity field must equal 
the difference in potential energy of the solar gravity field 
between the two planets contacted. These energy require- 
ments are shown in Fig. 1 as AFg and AE 9 for the earth’s and 
sun’s gravitational fields, respectively, for an earth-to-Mars 
expedition. 

Consider a vehicle moving in unpowered flight in a Kep- 
lerian elliptic orbit and subject to the gravity attraction of 
only one planet or sun at a focus of that orbit. Since after 
power cutoff no external forces act upon the vehicle, the sum 
of its kinetic and potential energy is constant. This is 
expressed in Equation [1] where the first term is proportional 
to the kinetic energy and the second term proportional to the 
potential energy. 


2 
r 


The moment of momentum is likewise constant and is ex- 
pressed at the perigee and apogee by Equation [2]. 


Equations [1] and [2] are combined in Equation [3] to express 
the perigee velocity in terms of the perigee and apogee radii 
and the gravitational constant of the focus planet. 


2u 
Vp = 3 
Vai + (rp/ra)] 3) 


This perigee velocity is the minimum velocity required to 
enter the transfer ellipse from the satellite orbit to the target 
planet. 

In the case of the earth the perigee distance would be the 
satellite orbital distance from the center of the earth and the 
apogee distance would be from the center of the earth to the 
target planet. The ratio rp/r,4 would be so close to zero as to 
be negligible. Equation [3] would then simplify to Equation 
[4] which is the parabolic escape velocity from the earth. 


where rs is ro + Y. 
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In the case of the sun being the only force acting upon the 
satellite vehicle, the perihelion distance would be the distance 
from the center of the sun to the satellite as it leaves its orbit 
to enter the transfer ellipse. For practical purposes this is the 
distance from the sun to the home planet’s (earth) orbit. The 
aphelion distance is the distance from the sun to the orbit of 
the target planet. Equation [3] for a satellite acted upon by 
the sun only then becomes 


+ (Re/Ra)] 


The velocity of Equation (5) is with respect to the sun. If 
this velocity is measured relative to the earth which is travel- 
ing about the sun at orbital speed, Equation [5] becomes 


Rp[{1 + (Rp/Ra] Rp 


Rp 1 + (Rp/Ra) 


Equations [4] and [6] represent the minimum or elliptic 
perigee velocities (with respect to the earth) required for an 
earth satellite to leave its orbit and move out to a target planet 
when subject to only the gravitational effect of the earth and 
of the sun, respectively. The energy which the vehicle must 
possess as it enters the transfer ellipse must be the sum of the 
energy required to overcome the gravitational fields of the 
earth and of the sun. Since kinetic energy is proportional to 
the square of velocity, the velocity required is the square root 
of the sum of the squares of the velocities of Equations [4] and 
[6]. Therefore, the additional velocity required to bring the 
vehicle from its initial circular satellite orbital velocity up to 
the starting velocity to enter the transfer ellipse is presented 
in Equation [7]. 


rs ReL + (Re/Ra) rs 


Setting the differential of this expression with respect to rs 
equal to zero results in Equation [8] which shows that for the 
minimum incremental velocity AV s7 the individual energies 
required to overcome the earth’s and the sun’s gravitational 
fields are equal. Of course their respective velocities, Equa- 
tions [4] and [6], are also equal. 


rs R 1 + (Rp/Ra) 


The optimum orbital distance is seen from Equation [8] to 
2 
+ 


The optimum orbital distance is plotted in Fig. 2 as a func- 
tion of the distance from the sun. These results apply only to 
the change in velocity required for departure or arrival by 
means of one impulse only (3, 4). It will be noted that there 
is an asymptote at eighty million nautical miles, the location 
of the earth. The closer the target planets are to the earth, 
the greater the optimum satellite orbital distances and vice 
versa. For Mars and Venus, the only two planets likely to be 
contacted in the near future, the orbital distance is of the 
order of 50,000 nautical miles. For trans-Uranian planets the 
optimum orbit lies mathematically within the earth, which 
means practically just outside of the earth’s atmosphere. 

These orbital distances (Fig. 2) are optimum only from the 
standpoint of earth-target planet transfer. When the 
assembly of the interplanetary expedition in the orbit of 
departure is considered we see a different picture. Every- 
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Fig. 2. Optimum distance of departure or arrival as function of 
the target planet 


thing in the satellite orbit must be transported there from the 
earth at a considerable expenditure of energy. 

Various components of velocity required for a Mars expedi- 
tion are presented in Fig. 3 as a function of orbital distance 
from the center of the earth. It is assumed that the vehicle 
starts from local circular velocity in an auxiliary orbit just 
outside of the earth’s atmosphere. A component of thrust 
velocity AVi; must be added to the circular velocity V, to 
put the vehicle into a transfer ellipse to the main satellite 
orbit. The vehicle arrives in the satellite orbit at its apogee 
velocity V4. An additional component of velocity AVin 
must now be added to achieve circular orbital velocity. To 
acquire starting velocity to proceed from the satellite orbit 
into outer space the final increment of thrust velocity AV gz is 
now applied. The sum of the three components of velocity 
AVu, AVin, and AV gris the total thrust velocity required to go 
from the auxiliary orbit just outside of the earth’s atmosphere 
to the target planet. The optimum orbit of departure, where 
the sum of these velocities is a minimum, is seen from Fig. 3 
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Fig. 3 Effect of supply system on selection of assembly orbit of 
interplanetary expedition to Mars 
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to be as close to the earth as possible. Fig. 3 is for a Mars 
expedition, but the same conclusion would apply to other 
planets as well. 

The orbital distances of Fig. 2 apply fairly well to orbits of 
arrival of astronautical expeditions. However, it may be 
geen in Fig. 3 that the orbital distance may be reduced some- 
what below that for minimum AV 57 without any appreciable 
increase in this thrust velocity increment. Reducing this 
orbital distance would therefore require the space ship to 
carry very little more propellant to decelerate it into the orbit 
of arrival, but a smaller orbit would greatly reduce the supply 
problem from that orbit. Therefore the optimum orbits of 
return for Venus and Mars expeditions will be between 
altitudes of 30,000 and 40,000 nautical miles. 

We have discussed orbits of departure and arrival of inter- 
planetary travel. Let us now consider the minimum energy 
requirements to achieve a low altitude orbit. This velocity is 
presented in the first equation of Fig. 4, Equation [10]. The 
radicals were removed from these equations on the assump- 
tion that the ratios of the altitude to the radius of the earth 
was very small. 

This minimum thrust velocity is composed of two compo- 
nents; the velocity required to transfer the vehicle from the 
surface of the earth to the satellite orbit and the velocity re- 
quired to achieve circular orbital velocity to maintain that 
orbit. It was assumed that the vehicle was launched hori- 
zontally from the surface of the earth, in the absence of 
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Fig. 4 Minimum thrust velocity for low altitude orbit 


atmosphere and by means of an instantaneous impulse. Prac- 
tical considerations require a vertical launching and a finite 
burning time. These factors cause a greater gravity loss than 
is included in Fig. 4. This, together with final thrust velocity 
lost due to changing thrust direction, amounts to about 6300 
ft/sec. Aerodynamic drag accounts for about 350 ft/sec and 
steering losses (due to rocket jet deflections) for as much as 
50 ft/sec. These losses when added to the theoretical mini- 
mum velocity require an ideal thrust velocity of 32,000 
ft/sec to achieve a 175 n. mi. orbit with orbital speed. This 
ideal thrust velocity, when taken into account with design 
considerations, could be used to determine the approximate 
size of the vehicle without the necessity of trajectory com- 
putations. 


6 Trajectory Machine Computations 


Trajectory calculations are made on either an analog or 
digital computing machine. The analog machine has the 
advantage of enabling the operator to run a few trajectories, 
examine the results, and by trial and error make on-the-spot 
changes to optimize the trajectory. The analog computer, 
however, has the disadvantage of being too inaccurate for 
most trajectory work. 

Digital computers of either the card program calculator 
(CPC) or high speed types are used for trajectory com- 
putations. CPC machines are relatively slow requiring as 
much as an hour and a half to compute a single trajectory. 
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The practical time for the high speed machine is the printing 
time since the actual computation is very rapid. The Sperry- 
Rand 1103 High Speed Digital Computer is typical of these 
machines. It has three storage capacities. The high speed 
electrostatic storage contains 36 cathode tubes, each with a 
grid 32 by 32, thus giving a storage capacity of 1024 words of 
36 binary bits each. The magnetic drum storage has a 
capacity of 16,384 words. Entire blocks of data are trans- 
ferred from the magnetic drum to the high speed storage as 
needed. The drum is addressable which gives the machine 
an advantage over others of its type. The third storage, a 
magnetic tape, has an unlimited capacity because more tape 
may be added. Access time for the high speed electrostatic 
storage is of the order of 6 to 8 microsec while that of the 
slower drum is 4 millisee. One thousand words per second 
may be read from the magnetic tape. 

The symbols and equations used in machine trajectory com- 
putations are presented in Fig. 5, Equations [14], [15], and 
[16]. 

The last term in Equation [15] is the rate of change of the 
direction of local horizontal with time. This term is present 
because the flight path angle is measured above local hori- 
zontal rather than from a fixed reference. 

The thrust in the equations of Fig. 5 is supplied as a func- 
tion of altitude because, even for constant flow rate rockets, 
the thrust varies with the ambient pressure acting on the 
base of the rocket. Weight is obtained from the integration 
of the propellant flow rate which might also be a function of 
altitude. Drag and lift are functions of speed, altitude, and 
angle of attack. The angle of attack may be specified as a 
function of time or the machine may compute the angle of 
attack from a predetermined pitch-time program. The rocket 
deflection angle 6 is obtained by balancing the aerodynamic 
pitching moment by a thrust moment about the vehicle’s 
center of gravity. 

The basic trajectory data, thrust, and drag, etc., is fed to 
the machine in either equation form or tables. In the case of 
tables, discreet points are read into the machine not neces- 
sarily at equal intervals. The machine then passes a poly- 
nomial curve through several successive points to determine 
the values between the points. 
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Fig. 5 Symbols of powered flight trajectories 


he 
~ 
di- 
ce 
cle : 
ist 
ist : 
to : 
ite 
ee 
Ill 
lo 
dit 
is 
ty 
re 
re 
3 D a 
FLIGHT 
PATH 
7! r 
/ 
\ 
\ 
A 
| 
355 


Integration of the trajectory equations is generally carried 
out using time as the independent variable in small incre- 
ments. Several methods of approximation, including the 
following three, may be used for integration. 


1. Taylor series. 
2. Runge-Kutta. 
3. Predictor-corrector. 


In the predictor-corrector method the values of V, y, r, and 
R and their first derivatives at two successive points are used 
to predict the value of these functions at the next point at the 
end of the next time interval. The new values are next 
applied to Equations [14], [15] and [16] of Fig. 5 to find their 
first derivatives, which in turn are used to correct the pre- 
dicted values. This procedure may be iterated until the error 
becomes less than a predetermined permissible limit, or, if the 
error is larger than the acceptable limit, the time interval 
may be automatically reduced. 


7 Optimum Vacuum Stage Pitch Program for 
Low Altitude Satellite 


A sketch of a low altitude continuous thrust ascent trajec- 
tory is presented in Fig. 6. The vehicle is launched vertically 
into a zero-lift gravity turn terminating at the staging point 
outside of the atmosphere. At staging, some components of 
the vehicle such as propellant tankage and motors are jetti- 
soned. Second-stage powered flight is accomplished by the 
remaining rocket engines using a pitch-time program. This is 
to say, the orientation of the thrust axis of the vehicle is 
varied as a predetermined function of time. The problem is 
to determine the pitch program that will result in the follow- 
ing three conditions at power cutoff. 


1. High altitude. 
2. Horizontal flight. 
3. Orbital velocity. 


High altitude is desired to increase the orbital stay time. 
Horizontal flight is required for a minimum velocity, constant 
altitude, circular orbit. 

For illustrative purposes these three requirements are ex- 
pressed by simplified Equations [17], [18], and [19] in Fig. 6 
using rectangular coordinates (ignoring the curvature of the 
earth). The symbol @ is used for the pitch angle above hori- 
zontal. Equation [17] states that the burnout altitude, which 
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Fig. 6 Satellite powered all the way to orbit 
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Fig. 7 


is the sum of the known staging altitude, the altitude gained 
due to staging velocity, the altitude gained due to second 
stage thrust and the altitude lost due to gravity, must be a 
maximum, consistent with the other two conditions. Equa- 
tion [18] satisfies the requirement of horizontal flight at power 
cutoff. It states that the sum of the vertical components of 
velocities at staging, contributed by vacuum stage thrust and 
by gravity in the vacuum stage is zero. The third equation, 
Equation [19], states that the sum of the horizontal component 
of velocity at staging and the horizontal velocity contributed 
by second-stage thrust is equal to circular orbital velocity at 
burnout. It may be noted that the burnout altitude term 
Y go, occurring in Equation [19] is the same function occurring 
in Equation [17]. 
The object is now to find @ as a function of time which will 
atisfy these three equations simultaneously. One procedure 
would be to integrate the equations of Fig. 6, using an assumed 
form for the equation @ = f(t) and thus determine the optimum 
coefficients for the equation. This procedure is so laborious 
that it limits the selection of possible forms. It has an even 
more severe disadvantage in that, although it results in the 
optimum equation of the selected form, there is no assurance 
that a much better form does not exist. 

The fundamental principle for deriving the method of 
optimizing the vacuum stage pitch program used herein is 
best illustrated by assuming a simple X, Y rectangular co- 
ordinate system. Only the contribution of thrust to velocity 
need be considered because the staging velocity is known 
and the second-stage gravity velocity is closely approximated 
by the product of the second-stage burning time and an as- 
sumed average gravity constant. 

Let us now assume that we wish to acquire a maximum 
vertical distance and achieve a definite horizontal velocity at 
power cutoff, but we do not require the vertical velocity at 
power cutoff to be zero. In other words, we do not stipulate 
horizontal flight at burnout. 

Vertical thrust velocity is plotted against horizontal thrust 
velocity in Fig. 7. The thrust, of course, acts tangent to 
this curve. Also shown is the small increment in thrust 
velocity, AV 7, acquired over the small time increment At. 
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To obtain a solution let us first assume that the curve of 
gas a function of ¢ shown in Fig. 7 is the optimum and that “a” 
and ‘‘b” are general points on this curve. The increment of 
horizontal velocity gained over a small time increment at any 
point on this curve is given in Equation [20] of Fig. 7. The 
contribution to burnout vertical distance over the same time 
increment is shown in Equation [21] to be the incremental 
vertical velocity acting over the remainder of the burning 
time. Small changes in the AV, and AY, increments caused 
by small changes in the pitch angle are obtained by differ- 
entiating Equations [20] and [21] to give [22] and [23], 
respectively. 

To this point the derivation has been perfectly general. We 
now stipulate that a definite horizontal component of velocity 
must be achieved at power cutoff. This may be accom- 
plished by adjusting the small changes in pitch angle at points 
“a” and “b”’ so that there is no net changein Vz. This is done 
by equating the sum of Equation [22] at points ‘‘a” and “‘b” 
to zero to yield Equation [24]. These changes in 6 at ‘“‘a’”’ and 
“bh” must cause no net change in Y,z. Obviously d@, and dé, 
must be opposite in sign and either one can be positive 
and still satisfy Equation [24]. Therefore burnout altitude 
will be gained at one point “a’’ or “b”’ and lost at the other. 
If the increase in burnout altitude due to an infinitesimal 
change in @ at one point is greater than the loss at the other 
point, these changes should be put into effect, since they result 
in a gain in altitude without any loss of horizontal velocity. 
If a change in the function 6 is warranted, we do not have the 
optimum curve. This would be contrary to our original 
optimistic assumption. Therefore, the sum of the value of 
Equation [23] at points “a” and ‘‘b” may be equated to zero 
to.vield Equation [25]. 

Equation [24] satisfied the condition of a definite burnout 
horizontal velocity (orbital speed) and Equation [25] satisfies 
the requirement of maximum burnout altitude consistent with 
Equation [24]. Dividing Equation [24] by Equation [25] re- 
sults in the final expression for pitch angle program, Equation 
[26] where 6 is the initial pitch angle at the start of second 
stage flight and t’ is the fractional second stage buring time 
(initially 0, finally 1.0). This equation simply states that the 
tangent of the pitch angle above the reference axis diminishes 
linearly with time to zero degrees to achieve the maximum 
distance moved normal to the reference axis with the mini- 
mum loss of velocity in the reference direction. The applica- 
tion of the principle of this equation may be explained with 
the aid of the velocity vector diagram of Fig. 8. 

Staging horizontal and burnout horizontal differ in Fig. 8 by 
the second-stage range angle g. This is the angle subtended 
at the center of the earth by the vehicle’s staging and burnout 
locations. Staging velocity Vs and flight path angle y; (Fig. 
8) are known. The gravity velocity of the second stage V, is 
closely determined as the product of the known second stage 
burning time and an average gravitational constant. This 
gravity velocity initially acts parallel to the staging vertical 
and finally parallel to the burnout vertical. An average 
value of four tenths of this range angle difference was em- 
pirically arrived at as the result of numerous trajectory cal- 
culations. Burnout velocity Vo must lie along the burnout 
horizontal. Its magnitude is fairly well determined in ad- 
vance since we have a fair idea of the burnout altitude and con- 
sequently the circular orbital velocity for this altitude. We 
now know the staging velocity, the second stage gravity 
velocity and the required burnout velocity. All that remains 
is to determine the pitch program that will best connect the 
end of the Vg vector with the V go vector of Fig. 8. 

The depression angle 7 of the average second stage thrust 
direction, AVG V7, (Fig. 8) is known. This angle is usually 
less than three degrees. If all of the second stage thrust were 
to be oriented in this average direction the desired burnout 
velocity would be achieved with the minimum expenditure of 
propellant. This, however, would result in an extremely low 
burnout altitude. Assuming there is more than this minimum 
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Fig. 8 Velocity vector diagram 


propellant, we may vary the direction of the thrust as a 
function of time to form the curve labeled V7, in Fig. 8. The 
length of this curve is equal to the product of the specific 
thrust (ratio of thrust to fuel flow), the sea level gravity con- 
stant and the logarithm of the second stage mass ratio (ratio of 
weight just after staging to burnout weight). The thrust at 
any point acts tangent to this curve. If the average thrust 
direction were used as the reference axis in applying the pitch 
equation just derived, a component of velocity perpendicular 
to this direction would result, which would prevent hori- 
zontal burnout. This may be avoided by depressing the refer- 
ence axis below the AVG Vz, direction and going through a 
derivation similar to the one just described. In this case we 
maximize the altitude, not at right angles to the reference axis, 
but parallel to the burnout vertical, to achieve maximum burn- 
out altitude. 

The final equation number (27), is presented in Fig. 8 where 


¥,,, = second stage pitch angle above launcher horizontal 
8 =depression angle of reference axis below burnout 
horizontal 
4 = initial second stage pitch angle above reference axis 
¢zo = burnout range angle measured from launching site 
t’ = fractional second stage time 


The range angle, ¢g0, may be estimated in advance since the 
average second stage flight path angle is very low. 

The unknown angles 6) and 8 in the equation of optimum 
pitch angle may be determined by either of the following two 
methods. 

1. Mathematically integrate average thrust velocity using 
Equation [27] of Fig. 8 and plot % and 8 as functions of AVE 
V7, and mz. Using the AVE V7, from the vector diagram, 
the values of 6) and 8 could be immediately obtained from the 
plot and used to calculate the optimum ascending satellite 
trajectory. A typical plot illustrative of this method of 
solution is presented in Fig. 9 for the specific case of a second 
stage loading factor of 0.865. 

2. Assume a series of values for 6) and 6 and run a machine 
trajectory computation for each combination. The results 
could then be plotted and cross-plotted to determine the 
optimum. 
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LOADING FACTOR =0.865 range ballistic _ trajectory, 


Thrust is resumed at or near 


the apogee, point 5, to acceler- 


ate the vehicle to local circular 


orbital velocity at point 6. 


Actual trajectory calcula- 


tions are made for the inter- 


rupted thrust type of ascent 


by using several trajectory 


variables as follows. The “tilt 


T - DEGREES 


angle” or flight path angle at 


a definite point early in the 


first stage of powered flicht 
determines whether the first 
stage trajectory is steep or 


relatively fat. The other three 
variables are the time of stag- 


ing at point 2, the second stage 


pitch angle, and the time or 


Fig.9 7 vs. V7,/I,, for various values of 6) and 8 


Both of these methods work fairly well. Except for the 
time of making up the plot of @ and 6 versus AVE V7, and 
m2, the first method is faster but less accurate than the 
second method. 


8 Interrupted Thrust Trajectory Optimization 


We have discussed the flight mechanics of low altitude 
satellites using power all the way from launching to the satel- 
lite orbit. Let us now consider the interrupted thrust type of 
trajectory. A three-stage interrupted thrust trajectory is 
illustrated in Fig. 10. The first stage consists of a zero lift 
gravity turn commencing with a vertical launching at point 1 
and terminating above the atmosphere at point 2. At this 
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Fig. 10 Three-stage interrupted thrust satellite 


staging point some of the missile tankage and motors are 
jettisoned. The second stage of powered flight from point 
3 to 4 takes place above the atmosphere with the thrust axis 
oriented in one direction in space. This is done to gain the 
maximum velocity and hence the maximum kinetic energy at 
second stage power cutoff. The constant pitch angle trajec- 
tory is simple from the guidance standpoint and yields very 
close to optimum results. At point 4 additional tankage and 
motors are jettisoned and the third stage vehicle or powered 
nose section continues to rise without power to an elliptic 
apogee at point 5. At this point if power were not resumed 
the vehicle would fall back to earth, completing a typical long 
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vehicle weight at second stge 
power cutoff at point 4. These 
four variables determine the 
kinetic and potential energy 
and the flight path angle of 
the vehicle at second stage 
burnout. In turn, these burnout conditions determine the 
speed and altitude of the vehicle upon its arrival at the 
elliptic apogee point 5. The orbital altitude at point 5 
determines the required circular velocity and the difference 
between this and the apogee velocity must be made up by 
the third stage thrust. 

By computing a series of trajectories for any family of 
missiles using the four trajectory variables mentioned and 
then plotting and cross-plotting the results, a plot may be 
made similar to the one in Fig. 10. This plot presents the 
ratio of takeoff weight to weight at the end of the second stage 
as a function of the third stage mass ratio or ratio of weight 
at the beginning to weight at the end of the third stage. 

As seen from the plot in Fig. 10, vehicles requiring a large 
combined first and second stage require only a small third 
stage, and vice versa. The weight ratios from this curve are 
valid for a variety of missiles of this type. Exact weights de- 
pend upon the weights jettisoned and upon the component 
weight estimates and safety factors used. Designers and 
weight men may use a plot of this type to determine the 
final design. 


9 Conclusion 


In conclusion it may be said that from general performance 
studies, coupled with preliminary weight estimates, we can 
determine an approximate optimum design or region of prac- 
tical designs to accomplish any particular mission. The exact 
design, however, depends upon the ingenuity of the designer in 
saving weight, selecting materials, and fitting the various 
components into the allowable space. 
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Satellite Ascent Mechanics 


JORGEN JENSEN! 


The Glenn L. Martin Company, Baltimore, Md. 


HIS paper discusses that phase of satellite ascent me- 

chanics concerned with the guidance accuracy require- 
ments. Assuming a three-stage launch vehicle, one can ob- 
viously make a number of combinations of powered and 
coasting flights which will bring the satellite into a desired 
orbit. In the case of an all-powered trajectory, i.e., continu- 
ous burning until orbital altitude and velocity are reached, 
the guidance problem is essentially one of determining and 
controlling only the orbital injection conditions. The 
exact manner in which the orbit is reached is very important 
from the performance standpoint, but not so important as 
far as the guidance is concerned. 

The result of an error in injection elevation angle, assuming 
the correct velocity magnitude, is to increase the apogee 
and decrease the perigee by about 65 nautical miles per degree 
of elevation angle error. The result of an error in injection 
velocity, assuming the correct injection angle of 0 degree, 
is to increase the apogee altitude or decrease the perigee 
altitude by 60 nautical miles per 100 feet per second velocity 
error, depending on whether the velocity is higher or lower 
than circular orbital velocity. With given allowable perigee 
and apogee altitudes one can, for a given injection point 
altitude, determine an allowable region inside which the 
velocity error and the elevation angle error must fall in order 
to restrain the satellite to move within the specified apogee 
and perigee bounds, 

For example, it can be determined that with an orbital 
injection point at 300 nautical miles, a perigee limit of 200 
nautical miles, and an apogee limit of 800 nautical miles, a 
velocity tolerance of about +1 per cent and an elevation 
angular tolerance of about +2.25 degrees will keep the 
satellite within the orbital limits. 

The question of azimuth tolerance requires consideration 
of the geographical (or celestial) latitude of the orbital in- 
jection point. The error in the angle of inclination between 
the orbit plane and the earth’s equatorial plane, which is the 
important quantity, is not equal to the error in the injection 
azimuth direction except if the satellite is injected at the 
equator. The angle of inclination (a) is related to the injec- 
tion azimuth angle (8) (measured from the North) by cos 
a = cos a - sin B, where a is the latitude of the injection 
point. One can readily compute the error in the angle of 
inclination resulting from an error in the injection azimuth. 
At an injection latitude of 28 degrees, an azimuth error of 6 
degrees from a 90-degree firing (i.e., due East) will result in 
an error in the angle of inclination of about one-half degree. 
If the azimuth direction were 0 degree (i.e., due North), 
a 6-degree azimuth error would result in an error in the 
angle of inclination of about 5.3 degrees. 


_Presented at the ARS 25th Anniversary Annual Meeting, 
Nov. 14-18, 1955, Chicago, III. 
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If a coasting period between the second and third stages is 
introduced, the second stage after burnout will coast to an 
apogee at the desired orbital altitude. At this point the 
third stage is fired giving the satellite the boost required to 
establish an orbit. Under these conditions one can readily 
determine the conditions which will have to exist at the second- 
stage burnout to give satisfactory injection with any given 
third-stage performance. For any given second-stage alti- 
tude (ho) there exists one set of values for burnout velocity 
(v) and burnout angle (yo) which gives the correct injection 
point altitude. In general it is desirable to pick values for 
ho, Uo, and yo resulting in conditions at the injection point 
which will require the least amount of third stage boost. 


This reasoning leads one to go as fast as possible and as 
flat as possible (i.e., with a small yo), which is a condition 
with rather obvious restrictions considering first and second 
stage performance limitations. Starting with a second stage 
burnout at 800,000 feet with a yo of 2 degrees, it takes a 
vo of about 25,500 feet per second to arrive at an injection 
point of 300 miles. At this time a 500 foot-per-second addi- 
tional boost is required to get into a circular orbit. If, on 
the other hand, one starts out with a yo of 12 degrees, it takes 
a Up of about 21,300 feet per second to arrive at the same in- 
jection point. In this case, the additional boost required 
from the third stage will be 5000 feet per second. To obtain 
the same injection point conditions starting from an initial 
altitude of 250,000 feet, a vo of 25,900 feet per second and 
22,300 feet per second, respectively, and a slightly larger 
yo than required for the higher burnout altitude will be re- 
quired. 


The error in the injection altitude is about 25 miles per 
degree of error in burnout angle. There is also an injection 
altitude error of about 43 miles per 100 feet per second of 
burnout velocity error at a yo of 2 degrees. This error drops 
to about 6 miles per 100 feet per second velocity error at a 
vo of 14 degrees. 


One interesting effect of these errors in the orbital conditions 
is the change in the period of revolution (7') of the satellite. 
For a nominal altitude of a few hundred miles, the change 
in T due to an initial altitude error of 1000 feet is about 0.4 
seconds, assuming all other conditions to be correct. The 
change in 7 due to an initial velocity error of 100 feet per 
second is about 70 seconds. There will be no change in T 
due to an initial angular error in elevation. 


In the case of an elliptical orbit, the magnitude of the ve- 
locity of the satellite will change along the orbit. The dif- 
ference between perigee and apogee velocities in feet per 
second is about 1.1 times the difference in perigee and apogee 
altitudes measured in thousands of feet. This difference 
amounts to about 4000 feet per second for an orbit with a 
perigee at 200 miles and an apogee at 800 miles. 
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On Applications of the Satellite Vehicle 


R. P. HAVILAND’ 


General Electric Company, Schenectady, N. Y. 


The fields where the satellite vehicle possesses potential 
usefulness include: Mapping and geodesy; Communica- 
tions; Weather charting and forecasting; Research; 
Development of space flight. Broadly speaking, these fall 
into two groups; those which look “‘inward’’ from the 
satellite, toward the earth, and those which look “‘out- 
ward,”’ away from the earth. It is not easy to demonstrate 
that there is any positive benefit to be gained from the out- 
ward-looking fields. On the other hand, the inward-look- 
ing fields can be analyzed in considerable detail, and the 
costs and benefits measured with quite reasonable accu- 
racy. This paper is an introduction to the possibilities and 
problems of the inward-looking fields. To some extent 
it is a review paper, since none of the basic ideas presented 
is new. 


Characteristics of the Satellite 


HE characteristic of the satellite which makes it be 

potentially useful is its unique height above the surface 
of the earth. In principle, this may be anything from just 
outside the atmosphere to beyond the moon. Practically, 
however, the extreme altitudes do not offer advantages in any 
of the fields of application, so that the heights to be investi- 
gated are relatively close to the earth. 

The major result of this height is that an appreciable per- 
centage of the surface of the earth is within “line of sight’ of 
the satellite at any instant, or can be ‘“‘seen” from the satel- 
lite. The inverse is also true, of course, so that at any in- 
stant the satellite can be seen from an appreciable percentage 
of the earth’s surface. 


E - ELEVATION ANGLE 
R- RADIUS OF EARTH 


DISTANCES IN STATUTE MILES 


HEIGHT CENTRAL VISION MAXSLANT VISION PERIOD %OF EARTH 


HMI ANGLE@ ANGLEO RANGEDMI ARCS MI HOURS VISIBLE 
573 20° 160° 705 1400.41 8 
257 40° 140" 1445 2800 1.59 
620 60° 120° 2310 4200 1.76 8625 
1210 80° 100° 3350 5600 206 32 
2222 100° 4750 7000 264 
4000 120° 6920 8400 3.95 43 
7650 140° 40° 11000 9800 695 47 
19000 160° 20° 22700 11200 1930 8649 

22300 163° 17° 26800 11600 2400 495 


Fig. 1 Vision from the satellite 
(Note: heading of third column should read: “‘vision angle 0.’’) 


The geometry of this and numerical values of some of the 
parameters of interest are shown in Fig. 1. It is seen that the 
vision area is large even for very moderate heights. For ex- 
ample, at 257 miles altitude, the arc of vision extends across 
the width of the United States. 


Presented at the ARS 25th Anniversary Fall Meeting, Chicago, 
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It cannot be expected that all of this enormous vision area 
will be useful, since the line of sight is very near grazing 
incidence at ranges near the maximum. This is shown in 
Fig. 2, which shows the elevation angle of the station as seen 
from the earth’s surface for various altitudes and distances 
from the point directly beneath the station (substation poii't). 
For example, if 45 deg is considered to be the minimum useful 
elevation angle, the useful coverage is reduced to about '/; 
in range or about '/y in area, compared to the maximum cov er- 
age. This useful coverage probably varies with the appliva- 
tion and is a problem which requires further study. 

As a result of the orbital motion of the satellite, the area 
visible is, in general, continually changing. The factors which 
influence the resultant coverage are the orbital altitude, the 
direction of satellite motion, the inclination of the sateliite 
orbit to the equator, and the rotation of the earth. The 
resultant of these influences can be shown by coverage charts. 

Fig. 3 shows the track of the substation points for four 
successive revolutions of a 2-hour polar orbit. At the equator, 
these are separated by two hours, or 30 deg of longitu:le, 
or 1800 nautical miles. Due to the chart projection used, the 
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Fig. 3 Satellite tracks—2-hr polar orbit 


(Note: the phase ‘“‘westward motion” in above fig. should read 
“northward motion.’’) 
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Fig. 5 Line of sight coverage—2-hr inclined orbit 


tracks appear to maintain constant spacing, but on the earth’s 
surface they join at the poles. 

Fig. 4 shows the areas which are within maximum line of 
sight vision for a single revolution of the same satellite. On 
the next revolution this pattern is displaced 1800 nautical 
miles to the west. If this displacement is repeated several 
times, corresponding to several revolutions, it will be found 
that any point on the earth’s surface will be within “sight” 
of the station on eight of the twelve revolutions which occur 
ina day, and that the elevation angle will be large for four of 
these. Since two of these four “‘passes’’ occur during hours of 
darkness, the station attains effective daylight coverage for 
two successive passes in the course of one day. 

The effects of inclining the orbit are shown in Fig. 5. Here 
the period remains at two hours, but the plane of the trajec- 
tory is inclined at 40 deg to the equator. Trajectories of this 
type reduce the coverage near the poles, and increase it near 
the equator. 

With the station on a 24-hour orbit at the equator, it can 
be synchronized with the earth to remain always above the 
saine equatorial point. Fig. 6 shows the coverage which re- 
sults if the substation point is at 100 deg West longitude. 

All of these examples are calculated for ideal conditions, 
with a circular orbit. In practice, some errors in circularity, 
period, and orbital plane must be expected. The effect of 
these is not great if the error is reasonably small. For example, 
for the synchronized orbit the libration introduced by a 1 deg 
error in the orbital plane reduces the reliable coverage on the 
surface of the earth by about 120 miles, out of about 6000 miles. 
However, for this case the period must be exactly synchro- 
nized with the earth’s rotation whereas in other cases the 
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Fig. 6 Line of sight coverage—24-hr synchronized orbit 
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Fig. 7 Great circle paths for world projection 


period has little effect on the average coverage. 

Studies of coverage are simplified by use of Fig. 7. Here 
the solid lines which intersect at the center of the chart are 
great circle paths. The “ovals,” alternately solid and dotted, 
are range marks, the distance between dotted lines along a 
great circle path being 1000 statute miles. 


Applications to Mapping and Cartography 


Tombaugh and O’Keefe (1, 2)? have suggested that the 
satellite be used to establish a series of points in a triangulation 
survey. Since the satellite would be readily visible over long 
distance, it appears that this technique would be very valuable 
in tying together the normal surveys on separate continents 
and in making long distance triangulations where detail is 
not needed. Determination of the absolute value of g would 
also be possible. 

However, it appears that simultaneous observation from 
the earth and the satellite will give better results, providing 
of course, that adequate resolution and coverage can be ob- 
tained. 

The primary factor in the amount of resolution possible is 
the optical system used. Fig. 8 shows the theoretical limiting 
resolution for a number of systems (3). The 8-in. and 40-in. 
lens systems are typical of normal ground and aerial survey 
techniques. It is evident that these would not give much de- 
tail but that the resolution would be quite ample to map land 
masses, major waterways, and such features. 


2 Numbers in parentheses indicate References at end of paper. 
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HEIGHT - MILES 
Fig. 8 Limiting resolution of optical systems 


The high resolution group of optics are typical of astro- 
nomical techniques. For these the resolution is adequate to 
resolve fine natural detail and much cultural detail. 

In this connection, it may be noted that in the highest alti- 
tude photographs to date, made with a short focal length 
camera from 158 miles on a Viking flight, the only cultural 
details which can be identified are railroads and runways of 
an airport (4). 

It must be remembered that the coverage of a single shot 
becomes smaller as the resolution is increased. Fig. 9 shows 
the width of field obtained at maximum resolution for a num- 
ber of systems, assuming a vertical view. It is evident that 
a large number of individual shots will be required to cover a 
large area. 

For example, assume that an 8-in. focal length camera were 
used in the 2-hour orbit. Using 5-in. film, the coverage would 
be about 1000 miles. Allowing for overlap, a single track 
about the earth would require about 50 shots. Since, for a 
polar orbit the spacing of successive tracks is about 2000 
statute miles, three cameras would be required to give com- 
plete coverage with overlap. To completely cover the earth 
in daylight would involve taking 900 photographs. 

It is evident that recovery of the photographic information 
will be quite a problem. Since physical recovery appears to 
be quite a way in the future, initial work will have to be con- 
fined to television and facsimile techniques. 


WIDTH OF FIELD AT MAX 
RESOLUTION~MILES 
19,900 


et 


stems at limiting resolution 


Fig.9 Coverage of optical sy. 


The resolution of television is about 400 lines, and of f:.c- 
simile about 1000 lines per inch. As shown in Fig. 8, in using 
an 8-in. lens the effective resolution would be reduced to 
about '/; of the limiting resolution for television, with prac- 
tically no reduction for facsimile. In view of this, it appexrs 
possible to secure useful cartographic information with these 
techniques. 

It appears that the following conclusions regarding appli:a- 
tion of the satellite to mapping and cartography can be ju-ti- 
fied: ' 

1 In the initial stage, the satellite would be used as a ref- 
erence point, to tie together normal surveys, and to form special 
operations, such as determinations of the absolute value of g. 

2 In a later stage, the satellite would be used with tele- 
vision and facsimile techniques to make low-detail large area 
investigations, usually of less explored regions, but also of 
regions which are subject to change. 

3 In the final stages of development, after physical re- 
covery is perfected, the satellite would be used in the prepara- 
tion of high-detail high-accuracy charts. The broad coverage 
and resolution possibilities indicate that this service would re- 
place many conventional methods of charting. 


Applications to Communications (Refs. 2, 5-9) 


When considering the satellite and the field of communica- 
tions, it is apparent that electro-magnetic radiation must be 
used and that the frequency employed must be located in a 
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PULSE RELAY MIN 49% 10 107 250 PASSIVE 22,000 ° 1000.) (5 REF. (2) 
PULSE RELAY MIN 49% 10 105 250 PASSIVE 620 ° 100 REF. (2) 
PULSE RELAY MIN 49% 10 100 250 ACTIVE 22,000 3x10% 10 REF. (2) 
FM RELAY 100:1 S/N 10Omi. 15 4 250 ACTIVE 22,000 100) 
TV RELAY 100:1 S/N WOmi. 15 400 250 ACTIVE 22,000 400. 100 
FM BROADCAST RURAL 49% 300 — _ YAGI XMTR 22,000 L5x103 40° O15 (50 uv/m) 
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TV BROADCAST RURAL 49% 150 -—-— _ YAGI XMTR 22,000 1.5x10° 20' (500 uv/m) 
TV BROADCAST URBAN 49% 150 DIPOLE XMTR 22,000 1.5x 107 (5000 uv/ m) 
TV BROADCAST URBAN USA 150 — DIPOLE XMTR 22,000 13x104 320' 6 (5000 uv/m ) 


PERCENTAGE COVERAGE IS PERCENT OF EARTH SURFACE COVERED 
Fig. 10 Satellite communication systems 
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zone where the atmosphere is transparent. This limits the 
possibilities to the optical band, to parts of the infrared band, 
and to the radio frequency range between about 1 cm and 
500 cm wavelength. 

The fact that the only frequencies which can be employed 
by the satellite are not useful for present long-range com- 
munication seems to offer attractive possibilities in reducing 
the congestion which exists at present in useful long range 
communication channels. On a percentage basis, the spec- 
trum available for long-range transmission is about doubled, 
and on an absolute basis is extended by perhaps a factor of 
1000, so that the potential degree of expansion is very great. 

Fig. 10 shows a tabulation of a number of possible applica- 
tions to communication services, and also the level or quality of 
serv ice which results from various combinations of equipment. 

It is evident that the technical requirements for minimum 
communication channels are quite small. This indicates that 
there is no great problem in communicating data which 
originate at the satellite, since the deficiencies of modest 
sateilite equipment can be compensated for by high-quality 
ground installations. 

On the other hand, it is evident that marked reduction in 
the requirements for ground equipment must be secured by 
increasing the complexity of the satellite borne equipment. 
In some cases this is small, as, for example, in the point to 
point relaying of signals. This suggests that the satellite will 
be useful in this field. 

However, it must be remembered that the satellite must 
compete on an economic basis with services now in existence. 
The problems thus introduced are complex and must be ex- 
amined in detail before final answers can be given. Such pre- 
liminary studies as have been made (2, 9) indicate that the 
satellite must be nearly free of initial cost if it is to compete in 
the relay services. There are a few exceptions, of course, such 
as the transoceanic relaying of television signals, where 
present techniques are not adequate; but even these are 
marginal in cost. 

It appears that there are only two situations in which the 
use of the satellite can be justified. One may arise from the 
demand for communication channels, which may justify in- 
creased costs. This demand exists now, and is chronic, as is 
evident to anyone who has followed the various International 
Telecommunication Conventions (10). However, to date it 
has been possible to accommodate the demand by improve- 
ments in communication efficiency, and it appears that this 
improvement may continue for some time. 

The other situation is the use of the satellite for those gen- 
eral coverage services which are forced to the high line-of- 
sight frequencies by their characteristics (5). With present 
techniques, these require extensive duplication of transmitting 
facilities. Considerable economies appear possible if these 
scattered facilities could be consolidated, as is possible with 
the satellite. At the same time, service could be improved 
and extended. 

In any event, it appears that any extensive application of 
the satellite to communications will require a rather high de- 
gree of development of the satellite. It is possible that an 
adequate degree of development can be secured with un- 
manned operation, but the problem of servicing equipment to 
assure reliable operation indicates that manned operation 
will be preferable. 

These considerations indicate that full application of the 
satellite to communications is sometime in the future. This, 
however, should not be regarded as justification for ceasing 
study of the application. The possibilities are so great that 
continued study is in order. 


Applications to Weather Charting and 
Forecasting (Ref. 11) 


The prominence of clouds in the photographs made from 
rockets has suggested that observations from satellite vehicles 
would be of great assistance in weather charting and forecast- 
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ing. The observational requirements for this application are 
very similar to those for mapping, except that great detail is 
of lesser importance. Review of the resolution and coverage 
curves of Figs. 8 and 9 indicates that television relaying is 
very useful, although the greater resolution provided by 
facsimile would be helpful for some measurements, such as 
cloud height. 

The degree of coverage and the extent to which this is re- 
peated during the day are of importance, since most of the 
short term variations in the weather occur in the temperate 
zones. 

This suggests that polar or inclined orbits very near to 
those of Figs. 4 and 5 would be optimum, since these offer good 
coverage. Altitudes between 1000 and 4000 miles appear 
suitable, with the higher ones appearing somewhat better. 

Wexler (11) has suggested that the application should in- 
clude other measurements than cloud coverage. The data he 
suggests are: (a) Surface temperature; (6) approximate 
atmospheric temperature; (c) precipitation area; (d) thunder 
storm area; (e) solar radiation; (f) albedo of the earth; (g) 
density of meteoric dust. 

All of these measurements are readily accomplished by either 
optical or radio scanning, or normal telemetry techniques. 

It appears that the requirements for this application can be 
satisfied quite readily with an unmanned satellite of quite 
modest payload. About the only specialized requirements 
would be stabilization of the scanners, and adequate service 
life. The need for additional developments would not be 
great, although recovery and eventual manned operation 
could give improved service. 

Initially, of course, the service would have to be regarded as 
experimental, with the data used to supplement those ob- 
tained by present techniques. As more reliable operations 
were secured it would be possible to suspend some of the 
present techniques, such as the Weather Ships, the Iceberg 
Patrol, and the Hurricane Hunter flights. Eventually, it 
would appear possible to rely on the satellite service and 
automatic weather stations for all primary data. During this 
process, it would be reasonable to expect that the accuracy, 
scope, and anticipation of the forecasts would improve. 


Summary and Conclusions 


It has been seen that the satellite vehicle has applications 
in each of the three inward-looking applications covered. In 
each application, there are some characteristics in which the 
satellite is unique. In others, the satellite resembles present- 
day conventional techniques, and must compete with these. 

The steps in the development of the applications appear to 
be: 

1 Anearly stage, with some applications to weather chart- 
ing, and the beginning of cartographic work. 

2 An intermediate stage, with the weather and carto- 
graphic work being improved and expanded, and with the 
beginning of communication applications. 

3 A final stage, with the weather and cartographic work 
replacing and extending much of the current technique, and 
with the satellite service competing with current communica- 
tion techniques. 
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Control and Power Supply Problems of 
Instrumented Satellites 


ERNST STUHLINGER' 


Army Ballistic Missile Agency, Huntsville, Ala. 


Schemes for an attitude control system and for electric 
power supplies for an unmanned satellite of a few hundred 
pounds total weight are presented. The attitude of the 
satellite with respect to the earth’s center is controlled 
within plus or minus 10 deg by utilizing the shadowing 
effect of the earth on the isotropic cosmic radiation. A 
number of Geiger counters are arranged so that they sense 
the location of the shadow cone of the earth. Signals 
resulting from the counting rates of the counters control 
flywheels that cause the satellite to rotate around its cen- 
ter of gravity. Three sources for electric power are de- 
scribed, each of which delivers an average of about 100 
watts. The first converts the sun’s radiating energy with 
a silicon junction photoelectric generator. A sun-seeking 
device keeps the generator oriented toward the sun during 
daytime. In the second system, the sun’s radiation is 
directed toward a pile of thermocouples made out of ZnSb 
and constantan. Thermocouples have been built out of 
these materials which convert solar energy into electric 
energy with an efficiency of 5.6 per cent. The third 
method uses a radioactive isotope, strontium 90, and its 
daughter product, yttrium 90, as heating element for a 
pile of thermocouples. The half life of strontium 90 is 20 
years. Each of these three sources has a specific power 
production of the order of 0.4 to 0.7 watts per pound of 
weight. The attitude control system and the methods of 
power supply described are applicable also to larger satel- 
lites. If the total power to be provided is of the order of 20 
kilowatts or more, a steam-electric generator with the sun, 
a radioactive isotope, or a nuclear reactor as heat source 
becomes more efficient than the systems described here. 
For a total operating time of only 2 or 3 days, dry cell 
batteries are preferable to any other system at power levels 
up to a few hundred watts. 


1 Introduction 


EFORE the final goal of satellite development, the manned 
satellite, can be attacked, a number of basic problems 
connected with artificial satellites must be solved. The tech- 
nique of multistage rockets as carrier vehicles must be de- 
veloped; the stability of motion of an orbiting body under the 
influences of the moon, the tides, the equatorial belt, and also 
the residual air drag must be studied; means to observe and 
track the satellite from the ground must be investigated; 
methods of communication and data transmission between 
earth and satellite must be developed; the action of cosmic 
rays, meteors, meteoric dust, and ultraviolet rays as present in 
outer space must be determined. 

In addition to these investigations which are absolutely 
necessary before a manned satellite can be established, a 
number of observations of highest value will be possible with 
an unmanned satellite. Among these are more accurate 
measurements of all kinds of radiations; magnetic measure- 
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ments; measurements of the earth’s reflectivity; weather ob- 
servations for extended forecasts; intercontinental surveying; 
televised pictures of the earth with cloud and dust formations; 
radio and television relay stations between continents; «nd 
others. 


2 Minimum Instrumentation of a Satellite 


As soon as observations must be made onboard the satellite, 
instrumentation and a power supply are necessary. Measur- 
ing data on solar and cosmic radiations, impact of small 
meteors on a microphonic test plate, reflected radiations from 
the earth, and other observations are recorded on a magnetic 
tape until the satellite passes over a receiver station on the 
ground. Upon a trigger signal from the ground station, the 
recorder runs backward at high speed and plays out the 
stored information within one or two minutes. A _ pulse 
transmitter sends the data down to earth. To facilitate the 
analysis of measuring data and also the transmission of 
signals, the satellite should have a definite orientation in 
space. 

A proposal for a minimum orbital unmanned satellite with 
instrumentation has been presented by F. Singer (1).? Its 
total weight is between 50 and 100lb. Electric power of the 
order of 5 to 10 watts is produced by a silicon junction photo- 
electric generator irradiated by the sun. To maintain a fixed 
attitude in space, the cylindrical body rotates around its longi- 
tudinal axis and thus stabilizes its initial orientation. The 
satellite orbits around the earth in such a plane that one basis 
of the cylinder, which carries the silicon disks, constantly faces 
the sun. If the release of the gyrating satellite from the 
carrier rocket occurs smoothly, the direction of its rota- 
tional axis will remain fixed with respect to space, so that 
after three months the sun’s direction will be perpendicular 
to the sensitive direction of the silicon disks. But for at 
least a few weeks, the silicon generator will supply power. 
The receiving station on the ground must be powerful enough 
to transmit and receive the signals, even though the satellite 
has no directional antenna. 


3 Instrumentation for Higher Requirements 


For more accurate observations which include the directions 
of cosmic, solar, and earth-reflected radiation, the satellite 
should be oriented such that its main axis constantly points to 
the center of the earth. This earth-fixed orientation would 
allow a much more efficient and more powerful data-trans- 
mitting system. Furthermore, it would provide a more 
realistic simulation of the operating conditions of a manned 
space station. Even though the angular accuracy of this 
orientation would not be greater than about 10 deg, the use of 
a directional antenna with a beam width of about 30 deg 
would be possible. The onboard power supply should pro- 
vide an average power of the order of 100 watts. The in- 
strumentation of this “advanced” satellite should be capable 
of continuous operation through at least several months. 
Also, the attitude control system and the power supply 


2 Numbers in parentheses indicate References at end of paper. 
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should work in such a way that they function correctly in any 
plane of orbit. 

It appears feasible to build a satellite with a total weight 
of 300 to 500 lb which meets these requirements. 


4 Attitude Control System 


The problem of keeping, over a period of months, the main 
axis of the satellite directed toward the center of the earth, in- 
dependent of altitude, time of orbiting, plane of rotation, day or 
nig!it, cannot be solved with gyroscopic means alone. It seems 
possible, however, to utilize the shadowing effect of the earth 
on the isotropic component of the cosmic radiation to obtain a 
signal onboard the satellite which indicates the instantaneous 
location of the earth. The principle of this method is illus- 
trated in Fig. 1. It shows the earth, the satellite 8S, and a 
set of Geiger counters which are arranged and shielded in such 
a manner that they count predominantly cosmic rays arriving 
in the direction indicated by the arrow. If the set of counters 
as shown in Fig. 1 is slowly rotated around §, and if the 
counting rate is plotted for each angular position, an angular 
intensity curve will be obtained as indicated in the figure. 
The intensity shows a rapid drop as soon as the counters enter 
the shadow of the earth. If the effective cross section of the 
counters is sufficiently large, the counting rate will be high 
enough to represent a fairly smooth signal. Some integration 
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Fig. 1 Earth’s shadow effect on cosmic ray 
intensity 


of the counting rate is permissible since the response time of 
the control system need not be shorter than !/; to 1 minute. 

The complete attitude control system employs two sets of 
directional counters as indicated in Fig. 2. They are ar- 
ranged so that their axes point into the directions of maximum 
intensity gradients. The difference between the counting 
rates of the two sets provides the controlling signal. It is zero 
as long as the satellite’s axis points to the center of the earth, 
since in that position the counting rates are equal. Upon an 
angular deviation, the differential counting rate increases with 
a polarity depending on the direction of the deviation. 

The angular definition of the sensitive direction of one set of 
counters is not better than about plus or minus 10 deg, so that 
even a substantial variation in altitude of the satellite would 
be covered by the same angular arrangement of the two sets. 
The scheme illustrated in Fig. 2 would be used twice to control 
the attitude of the satellite in two planes which are perpen- 
dicular on each other. 

Although little is known as yet about the directional distri- 
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Fig. 2. Direction-sensitive arrangement of cosmic ray counters 


bution and intensity of cosmis rays at an altitude of several 
hundred miles, it is to be expected that in a direction tangent 
to the surface a marked intensity gradient will be experienced. 

An angular control movement of the satellite in either one of 
the two control planes as required by the error signals from the 
Geiger counters is carried out by two flywheels. As soon as 
an error signal is large enough, it energizes a relay which 
starts the d-c motor of the corresponding flywheel in the de- 
sired direction. The conservation of angular momentum 
causes the satellite to turn in the opposite direction around its 
center of gravity. When the desired attitude of the satellite 
is reached, the signal reduces to zero and the relay opens. If 
in this moment the flywheel is braked, either electrically or 
mechanically, to zero velocity, its rotation and the rotation 
of the satellite cease simultaneously. The entire kinetic 
energy of the flywheel and satellite is dissipated in the brake. 
In this way, a stable operation of the attitude control system 
is possible without using derivatives of the error signals for 
damping purposes. 

Since the magnetic field of the earth has a very noticeable 
deflecting effect on the softer components of the cosmic radia- 
tion, the attitude control system should respond only to the 
energetic component which is almost isotropic. 

If an arrangement of Cerenkov counters were used instead 
of normal Geiger counters, the selection of a desired energy 
and of unidirectional cosmic ray particles would be greatly 
facilitated. 


5 Power Sources for Satellite Instrumentation 


If only a few days’ operation of satellite instrumentation is 
contemplated, dry cell batteries may be used as a power 
source. They have the advantage of simplicity and reliabil- 
ity. The best batteries available today deliver about 50 watt- 
hr per lb. A comparison between batteries and photoelectric 
generators shows that a battery with the same weight and the 
same electric power output as a photoelectric generator lasts 
for about 60 hr. This figure is independent of the power level. 

A survey of power-generating systems using an internal 
combustion engine with fuel and oxidizer as prime mover for 
an electric generator indicated that, at power levels of a few 
hundred watts, the system would deliver about 50 watt-hr of 
electric energy for each pound of fuel plus oxidizer. This 
figure is the same as for dry cell batteries. The weights of 
engine, generator, and cooler, are not even considered in that 
figure. If the complicated system of a power plant consisting 
of a combustion engine, fuel tanks, pumps, regulators, cooler, 
and generator, is taken into regard, the dry cell appears pref- 
erable by far. 

When the satellite instrumentation must operate through 
more than a few days, other power supply systems have to be 
used. Two different primary power sources appear promis- 
ing. The first is the sun, either energizing silicon junction 
photoelectric generators or heating a pile of thermocouples. 
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The second is a “hot brick,” consisting of an artificial radio- 
active isotope, for example, strontium 90. This element 
emits beta rays; it has a half life of 20 years. The hot brick 
would serve as a heating element for a thermocouple pile. 

A nuclear fission reactor as heat source for a satellite power 
supply holds some promise. Reactors operating with fast 
neutrons do not require a bulky moderator and therefore 
are small and compact. However, they have two distinct 
disadvantages which make, at least at the present time, their 
successful use on a small unmanned satellite questionable. 
The first is the strong gamma radiation which makes heavy 
shielding necessary in order to protect the radiation-sensitive 
instruments onboard the satellite. The second is the compli- 
cated control apparatus which is needed to make the reactor 
operate reliably at a constant power level. Both these re- 
quirements can probably be met without too severe difficulties 
onboard a large manned satellite which is assembled in space 
and which starts its operation while orbiting under constant 
conditions. For a small satellite which must be transported 
as a whole into its orbit, and which must operate there with- 
out any supervision and maintenance, it is extremely impor- 
tant that its instrumentation be as light, simple, reliable, and 
rugged as possible. 

The possibilities of a direct conversion of radioactive 
energy into electric energy by means of semiconductors has 
been studied at Bell Telephone Laboratories (2). With 
silicon junctions and radioactive beta rays, efficiencies of a 
few per cent were obtained. Unfortunately the silicon junc- 
tions are damaged so seriously by the impact of high-speed 
electrons that the use of radioactive generators for satellite 
power supplies does not appear practical today. 


A_ Photoelectric Generators 


Silicon junction photocells have been developed recently 
with a surprisingly high efficiency (2). A thin layer of silicon 
of one square meter area produces 50 watts electric power if 
irradiated by direct sunlight. On the basis of information 
from publications, the following scheme for a photoelectric 
power generator has been devised. 

A sheet of aluminum with an area of about 40 sq ft is cov- 
ered with silicon junction photoelectric elements. They are 
connected in such a way that they deliver a voltage of about 
60 volts if irradiated by direct sunlight. The maximum 
power output of this photoelectric generator is of the order of 
200 watts. The rear side of the aluminum sheet is painted 
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Fig. 3 Satellite with photoelectric power supply 
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black. In full sunlight the equilibrium temperature of this 
generator will be about +50°C. 

The generator must be oriented toward the sun by a sun- 
seeking device. The scheme of this device is illustrate’ in 
Fig. 3. The generator can turn around a shaft A. A ring 
which is mounted on the satellite carries a photo-sensitive sur- 
face subdivided into two halves P; and Pz. At point S be- 
tween the two halves, a photocell is mounted with a slot in 
such a way that it responds when the sun hits the ring per- 
pendicularly at point S. Another photo-sensitive surface ind 
a photocell T with slot are attached to the segment V; this 
segment is mounted on the generator. As soon as the sztel- 
lite emerges from the night side of the earth and enters the 
day side, the sun irradiates the ring. The photoelectric ~ig- 
nal from the surface P; or P: starts the motor of a flywi.eel 
with vertical axis in one or the other direction and conse- 
quently rotates the satellite around its vertical axis. As son 
as the sun rays impinge on slot §, the flywheel and thereby the 
satellite are stopped in their motions. A similar procedure oc- 
curs at the segment V. The signal from there energize: a 
small motor which turns the photoelectric generator around 
its axis A. This turning motion is stopped when the sun |iits 
the photocell behind slot T. The generator then exa:tly 
faces the sun. The simultaneous rotation of the entire satel- 
lite which occurs as a reaction to the generator’s rotation is 
cancelled by the attitude control system of the satellite. 

The generator carries instruments measuring radiations 
from the sun. Other instruments are indicated in Fig. 3. 
The Geiger counter sets for attitude control are mounted 
above the dish antenna which receives and transmits signals 
from and to the ground station. A storage battery supplies 
power during the satellite night; it is charged by the phoio- 
electric generator during the satellite day. Alternating cur- 
rent is provided by a transistor inverter. It transforms «!-c 
into a-c with an efficiency of about 90 per cent. Amplifiers, 
receivers, and transmitters are transistorized as much as pos- 
sible to save power and weight. 

Approximate weight data of a satellite with photoelectric 
generator are listed in Table 1. 


Table 1 Partial and total weights of satellites 
Electric power (average): 100 watts 


| 
Isotope 
| Photo- Sun and and | 
electric thermocp thermocp 
| Frame 50 50 50 
Mirror 
| Cooler with oil aS j 100 100 
| Thermocouples a 60 20 
| Heat source 50 
| Absorber 100 
| Photoelectric generator 120 
| Instrumentation with 
| recorders 60 60 50 
Transmitters 30 30 30 
| Flywheels 60 60 40 
Storage battery 30 30 20 
Total 350 Ib 450 Ib 460 Ib 


Although the feasibility and efficiency of a photoelectric 
generator of the silicon junction type are well established, its 
proper functioning over a period of months is not yet proved. 
All semiconducting photoelectric cells are known to deterior- 
ate to some extent under the direct impact of sunlight. 
Efficient protection against radiation damage is a primary 
requirement to be met by the photoelectric generator before 
it can be used as a reliable power supply for satellite instru- 
mentation. 


B. Thermocouples with Sun Mirror 


The second method to produce electric power onboard a 


JET PROPULSION 


| 
| | 
I 
\ e 
8 
—-- —— d 
\ t! 
st 
a 
t] 
+ 
Wh INSTRUMENTS = 
: q al 
| 
a 


SUN'S RADIATION 


THERMOCOUPLES 


Of. COOLER 


CERAMIC 


Fig. 4 Sun mirror and thermocouples 


Fig.5 Over-all view of a satellite with sun 
mirror and thermocouples 


satellite uses thermocouples. Heat source is the sun. Its 
radiation is collected by a parabolic mirror and concentrated 
on a pile of thermocouples. The cold junctions of the couples 
are cooled by oil which dissipates its heat in a radiation cooler. 

It should be noted that every power generator which em- 
ploys heat as primary source of energy requires a cooler. The 
efficiency of the power conversion is proportional to the tem- 
perature difference between the hot and the cold end of the 
system; therefore, the cooler should keep the temperature of 
the cold end as low as possible. A cooler in empty space can 
dissipate heat only by radiation. The amount of heat that 
can be dissipated by a given cooling area is proportional to 
that area, to the fourth power of the absolute temperature, 
and to a coefficient which depends on the color of the cooling 
surface. If a cooling area of 10 sq ft with black surface radi- 
ates 1 kilowatt of heat into empty space (without being hit by 
the sun’s radiation), it assumes a temperature of about 
+100°C. If it has to dissipate 2 kilowatts, its temperature 
is +170°C. Ifthe cooler temperature is to be as low as +20°C, 
an area of 27 sq ft will be required to dissipate 1 kilowatt of 
heat. In all practical cases, the weight of the cooler alone 
will be more than half of the total weight of an electric power 
source which uses heat as prime energy. 

The most promising materials for thermocouples are ZnSb 
with a few additives for the positive, and constantan for the 
negative component (3). At a temperature difference of 
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400°C, the voltage per couple and the efficiency have been 
found to be 0.1 volt and 5.6 per cent. 

One possible way to arrange mirror and thermocouples is 
indicated in Fig. 4. The hot junctions of the couples form 
the inside of a cylindrical cavity which is located in the focal 
line of a parabolic mirror. The length and thickness of the 
thermocouple components between hot and cold junctions are 
chosen so that the flow of heat produces the desired tempera- 
ture at the hot junctions. The cold junctions are surrounded 
by a cooling jacket. The cooling oil, which is pumped 
through the cooling jacket, dissipates its heat in a radiation 
cooler. This cooler is integral with the mirror; its rear side is 
blackened, its front side mirrorized. If the mirror and cooler 
have equal areas as shown in Fig. 4, the average temperature 
of the cooling oil during daytime is about +90°C. If the 
cooler area is enlarged in such a way that the cooling surface 
is not hit by either the sun’s radiation or radiation from other 
parts of the cooler, the oil temperature will be lower. Witha 
cooler area twice as large as the mirror, the temperature will 
be about +45°C. 

An over-all view of a satellite with sun mirror and thermo- 
couples is shown in Fig. 5. With an average power of 100 
watts, the weight of the power supply amounts to about 
250 lb. The total weight of the satellite would be of the order 
of 450 Ib. 

The sun-seeking device for this arrangement is the same as 
that described in paragraph 5A. 


C Thermocouples Heated by Radioactive Isotopes 


The third method uses thermocouples heated by radio- 
active isotopes. The cold junctions of the couples are again 
cooled by oil which dissipates its heat in a radiation cooler. 

The radioactive isotopes to be selected should have a half 
life of several years. They should emit energetic beta rays, 
but no primary gamma rays. They should be readily availa- 
ble as a by-product from nuclear reactors. The most suita- 
ble element seems to be strontium 90, which emits beta rays 
of 0.54 MeV maximum energy and decays into yttrium 90 
with a half life of 20 years. Yttrium emits beta rays of 2.2 
MeV maximum energy. Its half life is 62 hr. A few days 
after the end of the formation of strontium 90, there will be 
radioactive equilibrium between strontium and yttrium. 
Beta rays with maximum energies of 0.54 MeV and of 2.2 
MeV will be emitted at equal rates with a half life of 20 years. 
The beta rays are absorbed within the bulk of strontium and 
the container walls, their kinetic energy being transformed 
into heat. The temperature to which the block of strontium 
heats up is a function of the heat generated and the heat con- 
ducted away. The heat generated within one pound of stron- 
tium-yttrium per sec amounts to 50 watts, assuming that 8 
per cent of the strontium extracted from the fission products 
of a nuclear reactor represents strontium 90 (2). With an 
efficiency of the thermocouples of 5 per cent, 2.5 watts of 
electric power will be produced by every pound of strontium- 
yttrium. For a power output of 100 watts, a total of about 
40 lb of strontium-yttrium will be needed. The arrangement 
of heating element, thermocouples, and cooling jacket is 
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Fig. 6 Cross section through heat source and thermocouples 
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Fig. 7 Satellite with radioactive heat source and thermo- 
couples 


shown schematically in Fig. 6. The cooling oil is pumped 
through the radiation cooler by means of a little motor. To 
avoid leakage through gaskets, the cooling system including 
pump and induction motor is completely sealed. 

The radiation cooler, built out of sheet aluminum with black 
outside, has the shape of a thin plate. Since it has no definite 
orientation with respect to the sun, it may be hit by the sun’s 
radiation on one side. The total heat to be dissipated is about 
2 kilowatts. If the cooler has a size of 40 sq ft, the maximum 
temperature it would assume when perpendicularly hit by the 
sun is about +80°C. If the sun is on edge, or at night, its 
temperature will be about +3°C. Its average temperature 
over day and night will be of the order of +20°C. 

Although strontium 90 and yttrium 90 do not emit primary 
gamma rays, they represent a very intense source of second- 
ary gamma rays and x-rays which are generated during the 
slowing down of the beta rays. The Geiger counters and the 
radiation-sensitive instruments onboard the satellite must be 
carefully protected against these gamma rays and x-rays. 
This protection will be achieved, first, by mounting the heat 
source as far away from the other instruments as possible, 
and second, by inserting an absorber between the heat source 
and the rest of the satellite. A schematic sketch of the ar- 
rangement of the components onboard the satellite with ther- 
mocouple generator is shown in Fig. 7. Approximate weight 
data for this satellite are listed in Table 1. 

A radioactive heat source as outlined in this paragraph 
would, in all probability, not be available today. To produce 
40 lb of strontium 90, more than 1000 Ib of uranium or pluto- 
nium must be burnt in a nuclear reactor and processed for ex- 
traction of the strontium. As far as is publicly known, these 
figures surpass by far the amounts of radioactive isotopes 
from nuclear piles that are processed today. If an isotope of 
shorter half life were chosen, such as strontium 89 (53 days; 
maximum beta energy 1.5 MeV), about 20 lb of uranium or 
plutonium would have to be burnt and processed for a suffi- 
cient amount of radioactive strontium 89. Although this is 
still a very large amount of fissionable material, a radioactive 
heat source holds promise for the future when plutonium 
breeders are in operation and a larger number of high-power 
reactors are available from which the isotopes can be ex- 
tracted. 


6 Conclusion 


The efficiency in converting the primary power into electric 
power is of the order of 5 per cent for either one of these three 
methods. For each watt of electric power, a weight of 11/2 
to 21/2 lb must be invested. Ifa steam engine with an electric 
generator were used to convert heat power from the sun or a 
radioactive isotope into electrical power, the efficiency at a 
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power level of only 100 watts would be considerably below 5 
per cent. However, at higher power levels the efficiency of 
steam-electric generators improves. For a power output of 
the order of 20 kilowatts, it may be as high as 10 or 15 per 
cent. Heat for such a steam-electric generator may be 
derived from the sun, from a radioactive isotope, or from a 
small nuclear reactor. On the other hand, there are indiva- 
tions that the efficiency of semiconducting photoelectric cells 
can be increased considerably (2). If the danger of radiation 
damage can be overcome effectively, it is not unlikely that 
even for large manned satellites the photoelectric generator, 
energized by the sun, is superior to the steam-electric genera- 
tor. 
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A History of the Artificial Satellite 


ALAN R. KRULL! 


Northwestern University, Evanston, III. 


A chronological bibliography of approximately 350 refer- 
ences, listing most of the significant published literature 
of artificial, manned or unmanned, satellites of the earth. 


Introduction 


HIS bibliography attempts to list all important published 

literature dealing with artificial, manned or unmanned, 
satellites of the earth. Bibliographical entries on such related 
topics as space medicine or rocket launching are included only 
if they consider directly satellite problems. On this basis it 
is not always easy to decide what should or should not be 
included (see, e.g., Schaub, “Der innere Marsmond . . .,” 
1953, or Whipple, ‘‘“Harvard Meteor Program .. .,”’ 1947). 

Fiction also posed some problems. The literature of arti- 
ficial satellites is not completely technical even at this late 
date. Some apparently useful concepts have been drawn 
from the speculations of novelists with no technical back- 
ground. The boundary between science and art is even more 
indistinguishable in the early days of the science fiction novel. 
(See entries for Hale, Verne, and Lasswitz.) 

Juvenile literature, for the most part, has been omitted. 
Semipopular works, especially the many German introduc- 
tory works on space travel, have not been included compre- 
hensively. Famous works on rockets (which deal with the 
question of artificial satellites and which have gone into more 
than one edition) have been listed, usually, under one of the 
later editions. Most works have been listed under the U. 8. 
edition, but foreign editions and translations are available in 
many cases. Anonymous articles have been listed under the 
name of the publishing journal. Transliterations from the 
Cyrillic alphabet have been made according to the Library 
of Congress system, so that Ziolkowsky appears in this work 
as Tsiolkovskil. 

Most news reports have been omitted; only enough have 
been included to delineate the course of events. Extensive 
lists of nontechnical articles and news reports on artificial 
satellites can be located through such indexing services as the 
New York Times Index, the London Times Index, the Public 
Affairs Information Service Bulletin, the Industrial Arts Index, 
the Readers’ Guide to Periodical Literature, and comparable 
services in different countries. 

The legal aspects of this subject have not been treated 
thoroughly here. The extent of analogous legal material 
dealing with space law is larger than one might think at 
first. The following articles, which have been included here, 
provide many references to the literature: Haupt, ‘Die 
Rechtsstellung kiinstlicher Flugstiitzpunkte auf offener See,” 
1932; Cocca, “Die rechtliche Natur des Weltraums,” 1955; 
Schiifer, Fluginsel . . .,”’ 1932; and Welf Heinrich, “Die 
Rechtsprobleme des Weltraumes,” 1953 (a summary of a 
dissertation). Further legal articles can be located through 
the International Law Quarterly, the Revue Francaise de Droit 
Acrien, the Zeitschrift fiir Luftrecht, ete. 

JeT PRopuuston has undergone the following name changes 
during the past years: Bulletin of the American Interplanetary 
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Society, June 1930—April 1932 (nos. 1-18); Astronautics, May 
1932—December 1944 (nos. 19-60); Journal of the American 
Rocket Society, March 1945-December 1953 (no. 61—vol. 23); 
Jet Proputsion, January-February 1954, vol. 24 to date. 

The Journal of the British Interplanetary Society started 
with vol. 1, January 1934, and has continued to date, with a 
lapse during the war years, publishing approximately two 
issues per year in its earlier days, and six times per year later. 

Weltraumfahrt, organ of the Gesellschaft fiir Weltraum- 
forschung (Stuttgart), started with vol. 1, January 1950, and 
has continued to date. 

Information about the name changes and volume numbers 
of journals listed herein, can be verified in the Union list of 
serials in the libraries of the United States and Canada, or pos- 
sibly in the World list of scientific periodicals published in the 
years 1900-1950, 3rd ed., New York, Academic Press; Lon- 
don, Butterworths, 1952. 

The author’s time did not permit more than a brief annota- 
tion for each item. With the exception of those few items 
marked with an asterisk, all have been inspected by the 
author; all are known to exist. In some cases, locating and 
borrowing some of these references proved to be rather diffi- 
cult, often frustrating. In an attempt to inspect an early 
Russian book on rockets, the author tried writing to the 
Librarian of the Academy of Sciences, Leningrad, with nega- 
tive results. The author can supply location information for 
all of the items listed herein. 

Corrections and additions are solicited. It is anticipated 
that a supplement will appear within a short time. 


BEFORE 1900 


Hale, Edward Everett 

The brick moon, and other stories, Boston, Little, Brown, 1899, 
369 pp. The story ‘‘The brick moon” was published originally 
in the Atlantic Monthly in 1870 and 1871. It is the result of a 
plan conceived originally in 1838. In order to make easier the 
determination of longitude for navigators, it was decided to con- 
struct a brick moon to be launched by means of a pair of huge, 
water-powered flywheels into an orbit along the Greenwich 
meridian. The moon is launched, but because of the Magnus 
effect the orbit attained (5100 miles high) is not along the Green- 
wich meridian. 


Lasswitz, Kurd 

Auf zwei Planeten, Roman in zwei Biichern. Volksausgabe, 
Leipzig, B. Elischer, 1897. A science fiction novel in which is 
described, in the first few chapters, a ‘‘space ship”? which remains 
stationary over the North Pole of the Earth. This ship is in the 
shape of a ring whose plane lies parallel to a tangent plane at the 
North Pole, at a height of one earth radius, 16,356 km. Ring is 
120 meters in diameter with an opening in the center of 20 meters. 
Revolving outside the ring are several thin concentric rings form- 
ing a ‘‘system of flywheels, revolving about the inner ring (the 
space ship) at great speed, maintaining the plane of the space 
ship.”’ The space ship is three stories high, containing mostly a 
tangle of wires, gratings, and vibrating mirrors. Whole system 
is built of material which is completely transparent but of ex- 
traordinary strength. The space ship is held up by the emission of 
an ‘‘Abaric field’ from an artificial island at the North Pole. In 
some respects this represents an early concept of a space station. 


Verne, Jules 
Les cing cents millions de la Bégum (Begum’s five-hundred 
millions), Paris, Hetzel, 1879, 185 pp. Tale of guns within 
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guns nesting telescopically. Missile intended to fall on another 
town attains velocity of 10,000 m/sec and becomes an artificial 
satellite owing to an error in calculation. Referred to in Rynin’s 
“‘Mezhplanetnye Soobshcheniya.”’ 


1920's 


Debus, Karl 

Weltraumschiffahrt, ein poetischer Traum und ein technisches 
Problem der Zeit, Hochland (Miinchen), vol. 24, Band 2, July 
1927, pp. 356-371. Considers the development of the idea of 
space travel and other fantastic trips in literature, outlining a 
valuable bibliography of this subject. 


Dittrich, Paul 

Ist eine Fahrt nach dem Mond méglich? Urania; Kultur- 
politische Monatshefte tiber Natur und Gesellschaft (Jena), vol. 3, 
no. 8, 1926-1927, pp. 241-242. Describes an orbital technique 
for getting to the moon. Slightly erroneous. Concludes that 
“snace travel is also for the time being, and perhaps for all time, 
a fantastic dream!” 


Gail, Otto Willi 

Mit Raketenkraft in’s Weltenall; vom Feuerwagen zum 
Raumschiff. Mit einem Vorwort von Max Valier und vielen 
Bildern, Zeichnungen und Originalphotographien, Stuttgart, K. 
Thienemanns, 1928, 106 pp. Discusses the Goddard “flying 
torpedoes,’”’ Oberth’s space ship, the Gesellschaft fiir Raumfor- 
schung, Valier’s project, etc. 


Glushko, V. P. 

Stansifa vne zemli (Station beyond the earth), Nauka i Tekh- 
nika, Leningrad, vol. 4, no. 40, Oct. 8, 1926, pp. 3-4. Dis- 
cusses Oberth’s space mirror, including rough estimates of cost, 
use of satellite for gravity-free studies, astronomy and the use of 
satellites around other planets. 


Ley, Willy 

Die Fahrt in Weltall, 2nd rev. ed., Leipzig, Hachmeister and 
Thal, 1929, 83 pp., especially pp. 64-70. Die Aussenstation. 
Discusses the nature of a space station and Oberth’s space mirror. 


Ley, Willy, ed. 

Die Moglichkeit der Weltraumfahrt; Allgemeinverstandliche 
Beitrige zum Raumschiffahrtsproblem, Leipzig, Hachmeister and 
Thal, 1928, 344 pp. Contributions by Ley, Debus, Oberth, 
Pirquet, and others, especially ‘‘Stationen im Weltraum,” by 
Oberth, pp. 216-239. 

Linke, Felix 

Die Verwandtschaft der Welten und die Bewohnbarkeit der 
Himmelsk6rper, Leipzig, Quelle & Meyer, 1925, 165 pp. Later 
pages review some early fiction and nonfiction dealing with 
space travel, e.g., Lasswitz’ “Auf Zwei Planeten,”’ and ‘Die 
Rakete zu den Planetenréumen.”’ Deals mostly with an analysis 
of the physical elements of the universe and the possibility of 
life on other planets. 


Noordung, Hermann 

Das Problem der Befahrung des Weltraums, der Raketen- 
Motor, Berlin, R. C. Schmidt, 1929, 188 pp. General introduc- 
tion to the space travel problem with a description of a space 
station consisting of three parts connected by cables, an ob- 
servatory, a solar power plant, and a main station. 


Oberth, Hermann 

Die Fahrt in den Weltraum, Die Umschau, bd. 28, no. 12, 
March 1924, pp. 198-199. Discussion of space station as ob- 
servation station in reference to article of same title by Riem in 
ibid., bd. 28, no. 5, 1924. 


Wege zur Raumschiffahrt . . . 3 Auflage von ‘‘Die Rakete zu 
den Planetenréumen,’’ Miinchen und Berlin, R. Oldenbourg, 
1923 and 1929, 431 pp. The Station in Space, part 4, chap. 20, 
pp. 350-353. Discusses location and purpose of space station. 


Pirquet, Guido von 
Fahrtrouten, Die Rakete, vol. 2, no. 8, August 1928, pp. 117- 
121; vol. 2, no. 9, Sept. 1928, pp. 134-140; vol. 2, no. 10, Nov. 
1928, pp. 155-158. The importance of an artificial satellite as a 
stepping stone to space travel. 
Die Rakete 
Probekapite] aus Noordung: Das Problem der Befahrung des 
Weltenraums, vol. 3, no. 1, Jan. 15, 1929, pp. 7-9. Excerpts from 
the chapter ‘(Das Wohnrad”’ in Noordung’s book. 
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Riem, Johannes 

Die Fahrt in den Weltraum, Die Umschau, bd. 28, no. 5, 
Feb. 2, 1924, pp. 71-75. Discussion of book, “Die Rakete zu 
den Weltenraumen,”’ by Hermann Oberth, Miinchen, 1923. 
Page 74: ‘‘Man konnte .. . diese Raketen dauernd um die Erde 
herumlaufen lassen, als kiinstliche Monde.’’ Suggested uses of 
satellites as observation stations or for mounting huge mirrors to 
reflect enough sunlight on the earth to de-ice and cultivate the 
North Pole. 


Valier, Max 
Raketenfahrt (5th ed. of Der Vorstoss in den Weltenraum), 
Eine technische Moglichkeit, Munich, Oldenbourg, 1928, 252 pp. 


1930’s 


Baumgarten-Crusius, Artur 

Die Rakete als Weltfriedenstaube, Leipzig, Verband er 
Raketen-Forscher und -Férderer, 1931, 174 pp. Pages 157-158: 
Discusses the use of orbital rockets for gathering meteorologi:al 
information, for observing the earth with telescopes and Obert h’s 
space mirror. This is a somewhat hysterical, anti-French book. 


Biermann, Gerd 

Weltraumschiffahrt? Eine kurze Studie des Problems, 
Bremen, F. Leuwer, 1931, 43 pp. Early history of the physical 
and technical problems of rocketry with a discussion of sp:ce 
travel. 


Briigel, Werner, ed. 

Manner der Rakete, in Selbstdarstellungen, Leipzig, Hach- 
meister and Thal, 1933, 144 pp. Articles written by Esnault- 
Pelterie, Ley, Oberth, Pirquet, Rynin, and others describing 
various aspects of rockets, satellites and space stations. 


Cleator, Phillip E. 

Rockets through space; the dawn of interplanetary travel, 
New York, Simon and Schuster, 1936, 227 pp. Discussion 
includes: Outward stations, pp. 128, 178 ff., and space mirror, 
pp. 175, 208. 


Haupt, Giinter 

Die Rechtsstellung der Kiinstlicher Flugstiitzpunkte auf 
offener See, Archiv fiir Luftrecht, Institut fiir Luftrecht, Konigs- 
berg, bd. IT, no. 4, 1932, pp. 297-311. Discusses the remarkably 
analogous legal aspects of a floating air base on the open sea; 
many references cited. 


Hennig, Richard 

Weltluftverkehr und Weltluftpolitik, Berlin, Zentral-Verlag, 
1930, 67 pp. Discusses legal and political aspects of artificial 
island landing fields in the ocean, the arctic regions and the ques- 
tion of a vertical height boundary. 


Lasser, David 

The conquest of space, New York, Penguin Press, 1931. 
Description of Oberth’s space station. 

Manned rocket as satellite of earth proposed for permanent 
observatory use. German projects ships to move in own orbit 
500 miles aloft. Supply craft would take food to ‘‘crew’’ and 
bring back data of observers. Startling venture is believed to be 
scientifically sound. New York Herald Tribune, Sunday Aug. 3, 
1930, sec. IV, p. 3. Refers to early views of Oberth on a station 
in space. 


Nebel, Rudolf 

Raketenflug. Reinickendorf, Raketenflugverlag, Berlin, 1932, 
47 pp. History of rockets and space travel, mentioning Verne, 
Lasswitz, Ganswind, ete.; reproduction of a news story which 
appeared in the Berliner Tageblatt, Nov. 2, 1930, announcing the 
plans of the Raketenflugplatz, pictures of same, description of 
the work there, and an early representation of a space station. 
Nebel was the Director of the Raketenfiugplatz. 


*Pirquet, Guido von 

_Einfiihrung in die Probleme der Weltraumfahrt, Vienna, 
Osterreichische Gesellschaft fiir Raketentechnik, 1931. Es- 
pecially lecture no. 4: Die Aussenstation. 


Schafer, Hans-Ulrich 

Die Fluginsel; eine vélkerrechtliche Studie itiber die Probleme 
der kiinstlichen Flugstiitzpunkte auf offener See, Géttingen, 
Vandenhoeck & Ruprecht, 1932, 79 pp. ‘“‘Literatur-verzeichnis,” 
pp. 77-79. 
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Tsiolkovskii, Konstantin E. 

Izbrannye Trudy. Moscow, ONTI NKTP SSSR GOSMASH- 
METIZDAT, 1934. Chief Editor, E. V. Latynin. Biographical 
outline by Prof. N. D. Moiseev. 

Vol. I: “Tsel‘nometallicheskil Dirizhabl’”’ (An all-metallic 
dirigible). Editor Ia- A. Rapoport. Contains a chronological 
list of Tsiolkovskil’s works by Prof. N. A. Rynin. 

Vol. II: ‘‘Reaktivnoe dvizhenie” (Reaction motion). Editor 
F. A. Tsander. Contains 8 articles on reaction-motors aero- 
nautics. 

Art. I: ‘‘Rocket into cosmic space.’’ Reference to satellites 
on p. 24 (mass ratio required) and p. 36 (trajectory calculations). 

Art. II: “Exploration of world spaces with reaction appa- 
ratuses.”’ Reference to satellites on p. 112 under ‘‘Plan for the 
conquest of interplanetary space.”’ 

Art. III: ‘Cosmic rocket. _Experimental preparation.”’ 
Description of rocket proposed by Ts. Some fuel computations. 

Art. IV: “Cosmic reactive trains.”’ Description of various 
systems of multistage rockets. 

Art. V, VI, VII, VIII on aeronautics. 

Pioneering work aimed mainly at technical public not directly 
in the field. 


1940’s 


Alter, Dinsmore 
Atoms, rockets and the moon, Los Angeles, Griffith Observa- 
tory, 1947, 44 pp. Discusses artificial satellites. 


American Rocket Society, Jovrnal of the 

The station in space; sun power stations planned by Germans, 
no. 63, Sept. 1945, pp. 8-9. Captured German war secrets reveal 
their plans for a space station based on early theories of Noor- 
dung, Pirquet, Oberth, and others. 


Ananoff, Alexandre 

L’ Astronautique d’hier et d’aujourd’hui, Espaces: La revue de 
l'aviation, vol. 1, no. 6, June-July 1946, pp. 8-14. Review of 
Noordung’s project, Oberth’s space mirror and rocket and general 
history of the subject. 


Bonestell, Chesley, see Ley, Willy 
British Interplanetary Society Journal 

The model programme, vol. 8, no. 4, July 1949, pp. 162-165. 
Variation of orbital techniques for a model of Circum-Lunar 
Rocket designed by ‘certain members of the Technical Com- 
mittee’’ (BIS). 


Burgess, Eric 

The establishment and use of artificial satellites, Aeronautics, 
vol. 21, no. 4, Sept. 1949, pp. 70-82. Studies of the means of 
attaining escape and orbital velocities. 

Into space, Aeronautics, vol. 15, no. 4, Nov. 1946, pp. 52-57. 
Reviews the possibilities of flight above the atmosphere and of 
interplanetary travel. 


Campbell, J. W. 

The problem of space travel, J. Royal Astronomical Society of 
Canada, vol. 42, no. 2, Mar.-Apr. 1948, pp. 49-70. Review 
of past 50 years in the field of science. Considers all aspects of 
space travel, including space stations, rockets, fuel, orbits, etc. 


Chazy, Jean 

Sur les satellites artificiels de la terre, Académie des Sciences, 
Paris, Comptes Rendus, vol. 225, no. 12, Sept. 22, 1947, Mémoires 
et Communications, pp. 469-471. Study of the mechanics of 
artificial satellite movements. 


Clarke, Arthur Charles 

Extraterrestrial relays, Wireless World, vol. 51, no. 10, Oct. 
1945, pp. 305-308. Can rocket stations give world-wide radio 
coverage? 

Meteors as a danger to space-flight, Brit. Interpl. Soc. J., vol. 
8, no. 4, July 1949, pp. 157-162. Concludes they are real dangers 
but easily neutralized by simple means. 

Rocket exploration, Endeavour, vol. 7, no. 26, Apr. 1948, pp. 
70-74. Discusses briefly artificial satellites. 

Stationary orbits, Brit. Astronomical Assn. J., vol. 57, no. 6, 
Dee. 1947, pp. 232-237. Discusses possibilities of discovering 
new orbits for subsatellites between the earth and moon. 


Doolittle, J. H. 


Robert H. Goddard—father of modern rocketry. Speech 
given at opening of Goddard Rocket Exhibit, American Museum 


May 1956 


of Natural History, New York, Apr. 21, 1948. J. of American 
Rocket Society, no. 74, June 1948, pp. 53-61. “Some day we 
may be able to leave the earth entirely and fly to the moon, or 
even to a nearby planet, or set up an artificial orbit around the 
earth from which we can patrol the earth or carry on scientific 
research in space. Such dreams and ideas sound like pure fan- 
tasy; however, each advance in rocket research brings them closer 
to reality.” 


Ducrocq, Albert 

Les armes secrétes allemandes, Paris, Berger-Levrault, 1947, 
252 pp. Chap. 12: Le satelloide artificiel, pp. 213-226. Prin- 
ciples of satellites, the fixed station, life on board, military uses, 
construction and transportation. 


Engel, R., Bédewadt, U. T., and Hanisch, K. 

Die Aussenstation—ein Zukunftsprojekt? Paris, Office 
National d’ Etudes et de Recherches Aéronautiques, Sept. 1, 1949, 
96 pp., or Arch. Orig. Centre de Documentation no. 314, May 8, 
1950, 54 pp. 


Esclangon, Ernest 

Sur l’avance du périgée dans l’orbite des satellites artificiels de 
la terre, Académie des Sciences, Paris, Comptes Rendus, vol. 226, 
no. 1, Jan. 5, 1948, pp. 23-25. Discusses the difficulties involved 
in the observation of artificial satellites with radar. 

Sur l’impossibilité de transformations en satellites de la terre, 
de projectiles issus de points terrestres, Académie des Sciences, 
Paris, Comptes Rendus, vol. 225, no. 3, July 21, 1947, Mémoires et 
Communications, pp. 161-163. Discusses also the speed- 
advantages for rockets being launched from satellites as com- 
pared to fights from the earth. 

Sur la réalisation de satellites permanents de la terre au moyen 
de projectiles terrestres, Mémorial de I’ Artillerie Frangaise, vol. 
21, no. 4, 1947, pp. 1007-1019. Mathematical analysis of 
gravitational attraction on satellites. 

Sur la transformation en satellites permanents de la terre, de 
mobiles issus de la surface du globe, Académie des Sciences, 
Paris, Comptes Rendus, vol. 225, no. 13, Sept. 29, 1947, Mémoires 
et Communications, pp. 513-515. 

La vie serait-elle possible 4 bord de satellites artificiels de la 
terre ou de projectiles astonautiques? Mémorial de I’ Artillerie 
Frangaise, vol. 23, no. 4, 1949, pp. 887-903. First part on the 
problems of weightlessness; second part on the forces acting on 
the projectile and their effect. 


Forrestal, J. V. 

National Military Establishment, First Report of the Secre- 
tary of Defense, Washington, U. S. Govt. Printing Office, 1948, 
pp. 129-130. Reports that the earth satellite vehicle program 
was assigned to a committee on guided missiles for the purpose of 
coordination. The field was also limited to studies and compo- 
nent designs. Well defined areas of research were allocated to 
each of the three military (army, navy, air force) departments. 


Gartmann, Heinz 
Die Aussenstation, Die Weltlufifahrt, bd. 1, no. 3, March 1949, 
pp. 52-54. Study of velocities of satellites at different altitudes. 


Gatland, Kenneth W. 

Rockets in circular orbits, Brit. Interpl. Soc. J., vol. 8, no. 2, 
March 1949, pp. 52-59. Scheme for utilizing atomic rockets for 
space travel without contaminating areas of the earth. By 
using chemical propellants to assemble an atomic rocket in an 
orbit around the earth, the atomic propulsion vehicle can be 
fired safely. 


*Gesellschaft fiir Natur und Technik (ed.) 

Weltraumfahrt—Utopie? Zehn Beitriige, Herausgegeben von 
der Gesellschaft fiir Natur und Technik, Verlagsbuchhandlung 
Natur und Technik, Vienna, 1948, 52 pp., 54 Abb. Ten articles 
reprinted from Natur und Technik, especially: The outer- 
station, springboard into space, by Guido von Pirquet, which 
discusses the advantages of orbital refuelling. 

Grimminger, G. 

Probability that meteorite will hit or penetrate body situated in 
vicinity of earth, Journal of Applied Physics, vol. 19, No. 10, 
Oct. 1948, pp. 947-956. ‘‘For meteorites which are large enough 
to present a perforation hazard, the probability of a hit is negli- 
gibly small. ...”’ 

Gussalli, Luigi 

Propulsori a reazione per l’astronautica. Seconda comunica- 

zione: la riduzione del consumo dei propulsori pud rendere pos- 
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sibile la navigazione negli spazi intersiderali, Brescia, G. Vannini, 
1941, 118 pp. For the most part this work discusses the con- 
struction and operational details of Gussalli’s rocket, but satel- 
lites are discussed. (An expanded description of rocket designed 
in 1923, published under title, “Si pud gid tentare un viaggio 
dalla terra alla luna?’”’ Milano, Societa Editrice Libraria, 1923.) 


Harper, Harry 

Dawn of the space age, London, Sampson Low, Marston & Co., 
1946, 142 pp. Part II, chap. IV: Creating “artificial islands” 
out in space. Guido von Pirquet has worked out plans for an 
artificial island, or rather an “artificial moon,’’ which he proposes 
should be stationed out in space, hundreds of miles above the 
earth’s surface, and which would act as a permanent fueling 
point for space-craft setting out on interplanetary voyages. 


Haviland, R. P. 

Can we build a station in space? Flying, vol. 44, no. 5, May 
1949, pp. 19-21, 68-70. Discusses the uses of an artificial satel- 
lite as: a complete viewer of the earth for map making, a meteor- 
ological station, and as a radio station. 


Iacob, Caius 

Asupra unor conditii necesare transformdrii in sateliti ai 
pamantului a corpurilor lansate de pe pimant. (On the ne- 
cessary condition for the transformation into satellites of the 
planet, of bodies projected from a planet), Gazeta Matematica 
(Bucharest), vol. 54, 1949, pp. 192-201. 


Interavia 

Castles in and beyond the air. The U. S. earth satellite ve- 
hicle programme, vol. 4, no. 4, Apr. 1949, pp. 187-190. Early 
history of interplanetary rocket flight, space travel problems, 
energy sources, financial questions. 


Joquel, Arthur Louis 

Spaceward, Astro-Jet, no. 23, Winter 1948, pp. 7-17. Dis- 
cusses the possibility of space stations, size of space ships, naviga- 
tional problems, and problems dealing with occupying planets on 
an international basis. 


Kaiser, Hans K. 

Kleine Raketenkunde, Stuttgart, Mundus-Verlag, 1949, 
151 pp. History of rockets; brief mention, pp. 128-29, plus other 
references. 


Kooy, J. M. J., and Uytenbogaart, J. W. H. 

Ballistics of the future, with special reference to the dynamical 
and physical theory of the rocket weapons, Haarlem, Technical 
Pub. Co., 1947, 472 pp. Chap. XII: Extraterrestrial dynamics 
of the rocket. Pages 408-409: Mathematical analysis of projec- 
tile orbits. 


Lafleur, Laurence 

Marvelous voyages—IV. Jules Verne, “Around the Moon,” 
Popular Astronomer, vol. 100, no. 7, Aug. 1942, pp. 377, 379. A 
scientific criticism of a classic science-fiction story by Jules Verne. 
In the story, the voyagers encounter a satellite which circles the 
globe in 3 hours 20 minutes at an altitude of 5000 miles above sea 
level. 


Ley, Willy, and Bonestell, Chesley 

The conquest of space, New York, Viking, 1949, 160 pp. 
Discusses orbital rocket—or artificial satellite—and station in 
space. Also includes application of rockets to passenger trans- 
portation. 


Ley, Willy 

Rockets and space travel, the future of flight beyond the strato- 
sphere, New York, Viking Press, 1947 (also 1944 ed.). Chap. 
12: Terminal in space, pp. 284-312. Discusses ideas on arti- 
ficial satellites by Oberth, Pirquet, and others. 

The satellite rocket, Technology Review, vol. 52, no. 2, Dec. 
1949, pp. 93-95, 112-116. Discusses the possibilities of de- 
veloping unmanned satellite rockets. 


Malina, F. J., and Summerfield, Martin 

The problem of escape from the earth by rocket, Journal of the 
Aeronautical Sciences, vol. 14, no. 8, Aug. 1947, pp. 471-480. 
Discusses the performance of single and multi-stage rockets for 
escape from the earth’s field and principles of optimization. 
Offers several possible designs. 


Maluquer, Juan J. 
A la conquista del espacio, Barcelona, Editorial Seix Barral, 
1946, 81 pp; especially pp. 41-45: Un satélite artificial. 
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McLarren, Robert 

What upper air means to missiles, Aviation Week, vol. 51, 
no. 8, Aug. 22, 1949, pp. 21-22, 24-26. Comprehensive extract 
from Rand Report on this topic. 


Mills, Mark W., see Seifert et al. 


Moore, W. T. 

Military objectives of space flight, J. of Space Flight, vol. 
1, no. 2, July 1949, pp. 1-3. The space-station as a military 
observation post, storage center, psychological warfare center, cte. 

The space station as a radio relay, J. of Space Flight, vol. 
1, no. 6, Nov. 1949, pp. 1-4. Discusses commercial exploita- 
tion of space stations. 


Rogers, E. M. 

Man-made satellites. Gravity free rockets are no longer im- 
possible, Army Ordnance, vol. 31, no. 159, Nov.-Dec. 1946, pp. 
247-248. Launching and military uses of space station. 


Ross, Harry E. 

Orbital bases, Brit. Interpl. Soc. J., vol. 8, no. 1, Jan. 1949, jp. 
1-19. Operational and personnel requirements, and navigational 
difficulties for the maintenance of manned stations. Descriles 
Ross-Smith single self-contained space station consisting 0! a 
mirror, living quarters and an arm, at the far end of which i< a 
radio aerial array. 


Sadler, D. H. 

Astronomy and navigation, Royal Astronomical Soc. Occasioivat 
Notes, vol. 2, no. 13, Sept. 1949, pp. 109-126. Part III “The 
Future,’’ discusses the artificial satellite. The astronomer should 
“take a serious interest in astronautics . . . (The satellite) would 
provide a perfect means of determining position—apart from pro- 
viding a new and powerful time and distance standard.” 


Sanger, Eugen 

The laws of motion in space travel, /nteravia, vol. 4, no. 7, 
July 1949, pp. 416-418. Mathematics of calculating the motion 
of an unpowered earth-satellite space ship at an altitude of 100 km. 


Schaub, Werner 

Weltraumfilug; physikalische und astronomische Grundlagen, 
eine Studie zur Himmelsmechanik, Bonn, F. Diimmlers Verlag, 
1949, 93 pp; especially chap. 4: Der kiinstliche Mond. 


Science News Letter 

Satellite missile needed, vol. 54, no. 10, Sept. 4, 1948, p. 156. 
Development of a satellite missile to circle the earth like a moon 
was revealed in a communication by James A. Van Allen of the 
Applied Physics Lab., Johns Hopkins University, to the Assn. of 
Terrestrial Magnitude, affiliate of the International Union of 
Geodesy and Geophysics. 


Seifert, Howard S., Mills, Mark W., and Summerfield, Martin 

Physics of rockets: dynamics of long range rockets (part ITI of a 
three-part series), American Journal of Physics, vol. 15, no. 3, 
May-June 1947, pp. 255-272. A rocket fuelled by nitric acid 
and aniline can take a payload of 100 lb and achieve orbital 
velocity if its initial mass is 54,000 Ib. 


Spitzer, Lyman, Jr. 

Astronomical advantages of an extra-terrestrial observatory, 
Project Rand, Douglas Aircraft Co., Sept. 1, 1946, 5 pp. The 
results that might be expected ‘from astronomical measurements 
made with a satellite vehicle...’ In the first section it is assumed 
that no telescope is provided; in the second a 10-inch reflector is 
assumed; in the third section some of the results obtainable with 
a large reflecting telescope, many feet in diameter, and revolving 
about the earth above the terrestrial atmosphere, are briefly 
sketched. 


Stehling, Kurt R. 
Rocket propulsion, Engineering Journal, vol. 31, no. 3, March 
1948, pp. 162-166. Considers rockets and future developments. 


Stemmer, Josef 

Die Entwicklung des Raketenantriebes in allgemein verstand- 
liche Darstellung. Vol. 1: Raketenfahrt—Raketenflug; vol. 2: 
Die Raketenwaffen des zweiten Weltkrieges; vol. 3: Raketen- 
flugprojekte, Zurich, E. Hofmann Verlag, 1944-1945. Espe- 
cially vol. 3, pp. 122-135: ‘Die Aussenstation.”’ 

Probleme des Weltraumfluges, Flugwehr und Technik, vol. 11, 
no. 12, Dec. 1949, pp. 279-284. Ballistical requirements, pro- 
pulsion requirements, the artificial moon, space travel research. 
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Summerfield, Martin, see Seifert et al., and also Malina, F. J. 


*Symposium over Raketten 

5 Vortrage, gehalten vor der Afdeling voor Krijgskundige 
Techniek te’s Gravenhage am 14 Juni, 1949, 54 pp. Papers on 
rocket performance, the aerodynamics of supersonic rockets, 
rocket propulsion, control of rockets. Includes remarks on the 
space station and the satellite program. 


Wendt, Gerald 

tockets and interplanetary travel. Excerpts from paper, 
“The space ship and the man-made moon,”’ presented at SAE 
Sunimer Meeting, French Lick, Ind., June 5, 1949, SAE Journal, 
vol. 57, no. 9, Sept. 1949, pp. 29-33. Discusses briefly phenome- 
non of thrust, capabilities of rockets and satellites. 


Whipple, Fred L. 

Harvard meteor program; purpose, plans, status and pre- 
liminary results, March 1947, Cambridge, Mass., Harvard 
College Observatory, Technical Report no. 1, 1947. Report of a 
program to determine the trajectories, velocities, decelerations of 
meteors by the two-camera method and to investigate the ballis- 
tics of projectiles moving at velocities from 12 to 72 km/sec in 
ararified atmosphere. 

Possible hazards to a satellite vehicle from meteorites, 1946. 
See Whipple, 1952. 


Wilcox, Arthur 

Moon rocket, London, Thomas Nelson, 1946, 161 pp. Chap. 
VIII: Stepping-stones to space, pp. 66-73. Discusses space 
stations, speed of rockets necessary to escape earth’s gravity, use 
of station as fuel bases. 


Wilson, Charles E., Jr. 

Robots into space, Rocketscience, vol. 2, no. 2, June 1948, pp. 
25-28. Suggests sending robots out in space ships to record data 
of atmosphere, ete., per H. Oberth in Wege zur Raumschiffahrt. 


Zahm, A. F. 

Planetary properties of fast cars, Franklin Institute Journal, 
vol. 245, no. 4, April 1948, pp. 331-336. Discusses several prin- 
ciples of weight and buoyancy, radial acceleration, control and 
gravity problems for a manned satellite. 


Zim, Herbert Spencer 
tockets and jets, New York, Harcourt, Brace, 1945, 326 pp., 
chap. XVI, p. 217 ff. Discussion of theoretical rocket orbits. 


1950 


Ananoff, Alexandre 

|’Astronautique, Paris, Libraire Arthéme Fayard, 1950. 
Review of literature and theory of artificial satellites. De. 
scribes Noordung’s project, the ‘cosmic city” of Tiolkovskii, ete., 
and thoroughly reviews satellite problems, especially pp. 
195-214. 


British Interplanetary Society Journal 

Astrophysics from an artificial satellite, vol. 9, no. 3, May 1950, 
pp. 140-141. Review of Spitzer’s paper: Astronomical ad- 
vantages of an extraterrestrial observatory, q.v. 


Chilcote, W. 

Legal claims in space, J. of Space Flight, vol. 2, no. 2, Feb. 
1950, pp. 1-3. Suggests two methods for protecting space 
station: 

1. ‘Logical civilized means,” i.¢., referral of dispute to an 
appellate court for settlement based upon international law. 

2. Military protection of a major sort. 


Clarke, Arthur Charles 

Electromagnetic launching as major contribution to space- 
flight, Brit. Interpl. Soc. J., vol. 9, no. 6, Nov. 1950, pp. 261-267. 
Use of electromagnetic accelerators on moon to launch fuel mined 
there into suitable orbits around earth to moon. 

Interplanetary flight: an introduction to astronautics, London, 
Temple Press, New York, Harper, 1950, 164 pp. Especially: 
chap. 6: Interplanetary flight; chap. 7: The atomic rocket; 
chap. 8: Space ships and space stations. The idea of space 
Stations was originated, like a good many other things, by 
Oberth, but was developed in great detail by two Austrian 
engineers, Captain Potoénik and Count von Pirquet. As first 
conceived, the space station was regarded largely as a refueling 
depot for space ships on their way to the planets, but it was soon 
realized that it would perform many other valuable functions. 
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Interplanetary travel. Part I: The dynamics of space flight, 
Institute of Navigation (London) Journal, vol. 3, no. 4, Oct. 1950, 
pp. 357-364. Considers problems of navigating in space on 
voyages to the moon and other planets via satellite stations. 

Space travel in fact and fiction. Paper read to the BIS in 
London on April 1, 1950, Brit. Interpl. Soc. J., vol. 9, no. 5, 
Sept. 1950, pp. 213-230. 


Cleaver, A. V. 

The calculation of take-off mass, Brit. Interpl. Soc. J., vol. 9, 
no. 1, Jan. 1950, pp. 5-13. Chap. IV: Orbital techniques, pp. 
12-13. Brief discussion concerning take-off masses of rockets 
launched from the earth, as compared to the take-off masses of 
rockets launched from satellites. 

Interplanetary flight, Azrcraft, vol. 28, no. 10, July 1950, pp. 
12-15, 46. Development of the rocket, American gains in the 
field, including plans for developing an artificial satellite, and the 
problems involved in interplanetary flight. 


Dixon, Alan E., see Gatland et al. 


Engel, R. 

Earth satellite vehicles, nteravia, vol. 5, no. 10, Oct. 1950, pp. 
500-502. Discusses choice of trajectory, extraterrestrial base and 
ground organization, feeder and return rockets. 


Gartmann, Heinz 

Die Weltraumstation, die Entwicklung einer Aussenstation 
kann eine Aufgabe der unmittelbaren Gegenwart sein, Die Um- 
schau, vol. 50, no. 15, Aug. 1950. pp. 465-467. 


Gatland, Kenneth W., Dixon, Alan E., and Kunesch, A. M. 

Initial objectives in astronautics, Brit. Interpl. Soc. J., vol. 9, 
no. 4, July 1950, pp. 155-178. Discusses orbital rockets, earth 
satellite program, ete. 


Gatland, Kenneth W. 

Trends in astronautics, Sky and Telescope, vol. 10, no. 2, 
Dec. 1950, p. 27. Improved rockets will help attain three initial 
goals in astronautics: 

1. Close-orbit earth satellite vehicle 

2. Extraterrestrial instrument vehicle 

3. One-man research rocket 


Grant, Lewis J., Jr. 

Further studies in the economics of a space station, J. of 
Space Flight, vol. 2, no. 5, May 1950, pp. 1-7. Commercial 
exploitation of privately financed station. 

The use of the space station for space navigation, J. of 
Space Flight, vol. 2, no. 3, March 1950, pp. 1-5. Describes the 
essential uses of a satellite in space, such as a refueling base, 
repair station, etc. 


Kunesch, A. M., see Gatland et al. 


Lawden, Derek F. 

Minimal trajectories, Brit. Interpl. Soc. J., vol. 9, no. 4, July 
1950, pp. 179-186. Mathematical statement about interplane- 
tary journeys via arbitrarily selected orbits. 

Note on a paper by G. F. Forbes, Brit. Interpl. Soc. J., vol 9, 
no. 5, Sept. 1950, pp. 230-234. Discussion of the controversy 
as to whether or not the tangential ellipse corresponds to the 
optimum method of transfer between circular orbits. 


Ley, Willy 

The shape of ships to come, /nteravia, vo}. 5, no. 10, Oct. 1950, 
pp. 496-499. Mentions satellite station as take-off point to other 
celestial bodies. 


Naval Aviation News 

Man-made moon? May be, no. 302, Feb. 1950, pp. 20-21. 
Briefly mentions the artificial satellite; emphasis is on the prob- 
lems which will be met in the regions above the stratosphere. 


Piccard, August 

Between earth and sky, translated from the French by Claude 
Apcher, London, Falcon Press, 1950, 157 pp. Chap. 14: 
Anticipations. Cautious prediction of a man-made satellite. 


Proell, Wayne 

The proper military use of a space station, J. of Space Flight, 
vol. 2, no. 3, March 1950, pp. 5-8. Jamming, observation, and 
propaganda possibilities of a space station. 
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Siedentopf, Heinrich 

Méglichkeiten und Probleme der Raumschiffahrt, Universitas, 
Z. f. Wiss., Kunst und Literatur, vol. 5, no. 1, Jan. 1950, 
pp. 53-62. Semitechnical review of the state of rocket develop- 
ment, step rockets, space stations, space travel. 
Spitzer, Lyman, Jr. 

Perturbations of a satellite orbit, Brit. Interpl. Soc. J.. vol. 9, 
no. 3, May 1950, pp. 131-136. Discusses effect of perturbations 
caused by the moon. 


Stemmer, Josef 

Die Stellung des Ingenieurs zu aktuellen Problemen des 
Weltraumfluges, Weltraumfahrt, vol. 1, no. 2, April 1950, pp. 
31-34. Extract from a lecture given at the winter meeting of 
the G.f.W., Jan. 27, 1950. 


1951 


Bartenbach, Herman 

Rockets as extremely rapid transportation, J. of Space 
Flight, vol. 3, no. 2, Feb. 1951, pp. 1-2. Brief mention of arti- 
ficial satellites. 


Bergeret, P. 

Biological problems of the earth satellite vehicle. Paper pre- 
sented at Symposium on Satellite Vehicles, Second International 
Congress on Astronautics, London, 1951. Summary in Brit. 
Interpl. Soc. J., vol. 10, no. 6, Nov. 1951, p. 301. Problems of 
maintenance of life on an artificial satellite. Such problems differ 
in degree rather than kind from those encountered in high alti- 
tude flight. 


Black, Lynn Slife 

Preview of space flight, Aero Digest, vol. 63, no. 4, Oct. 1951, 
pp. 17-24. Summary of the technical problems and possibilities 
of space flight and of artificial satellites. Illustrations. 


Braun, Wernher von 

The importance of satellite vehicles in interplanetary flight. 
Paper presented at Second International Congress on Astro- 
nautics, London, 1951. Also in: Supplement to Brit. Interpl. 
Soc. J., vol. 10, no. 6, Nov. 1951, pp. 237-244. Discusses use of 
artificial satellites as springboards to various planets. 

Multi-stage rockets and artificial satellites, in Space medicine, 
Marbarger, John P. ed., Urbana, U. of Illinois Press, 1951, chap. 
II, pp. 14-30. Discusses the practicality of developing and 
building a satellite, potential applications of the artificial satellite, 
and other topics. 


Burgess, Eric 

Satellite and transfer orbits, Pacific Rocket Soc. Bulletin, vol. 
4, no. 4, Apr. 1951, pp. 5-12. Supply missiles and the establish- 
ment of satellite stations. 


Carter, L. J. (Ed.) 

The artificial satellite, Brit. Interpl. Soc. Report of Second 
International Congress on Astronautics, London, 1951. Contains 
papers by Spitzer, Shepherd, Gatland, and others, and summaries 
of papers presented by members of other societies. 


Clarke, Arthur Charles 

The exploration of space, London, Temple Press, 198 pp., 
New York, Harper, 1951, 199 pp. Especially: chap. 15: 
Stations in space, pp. 150-162; chap. 17: To the stars, pp. 
174-182. 


Dixon, A. E., sce Gatland et al. 


Fears, Francis R. 

Interplanetary bases—the moon and the orbital space station, 
J. of Space Flight, vol. 3, no. 7, Sept. 1951, pp. 4-5. Method 
of using three rockets to reach the moon; this is a modification of 
the space station idea. 


Firsoff, V. A. 

Artificial satellites explained, Flight, vol. 60, no. 2230, Oct. 19, 
1951, pp. 504-506. Reasoned explanation by astronomer of 
space station project, what it is, and how it might work. 


Flight 

The earth satellite vehicle, vol. 60, no. 2228, Oct. 5, 1951, p. 
449. Summaries of lectures before the Second International 
Astronautics Congress, London, Sept. 3-8, 1951. 
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Forbes, George F. 

Application of general trajectory equations, Brit. Interpl. Soc. J. 
vol. 10, no. 5, Sept. 1951, pp. 194-6. Extension of previous 
paper, March 1950 issue, emphasizing application of mathe- 
matics to problem of placing a satellite craft into interplanetary 
orbit without use of high thrust motor. 


Gatland, Kenneth W., Kunesch, A. M., and Dixon, A. E. 

Minimum satellite vehicles. Symposium on Satellite Vehicles 
at Second International Congress on Astronautics, London, 151. 
Brit. Interpl. Soc. J., vol. 10, no. 6, Nov. 1951, pp. 287-94. 
See also Flight, vol. 61, no. 2246, Feb. 8, 1952, pp. 150-152. 
Practicability of space vehicles which, propelled in successive 
“steps,’”’ could take up closed orbit relative to earth and there- 
upon become self-supporting satellites. 


Gatland, Kenneth W. 

Some preliminary considerations. Part I of: Orbital rockets, 
by K. W. Gatland, A. E. Dixon, and A. M. Kunesch, Brit. 
Interpl. Soc. J., vol. 10, no. 3, May 1951, pp. 97-107. Discusses 
orbital techniques, composite rocket and future orbital refueling. 


Grant, Lewis J., Jr. 

Power sources for orbital rockets, J. of Space Flight, vol. 3, 
no. 9, Nov. 1951, pp. 1-3. Output, structure, and efficiency 
considerations; qualitative analysis of radioactive and solar 
power sources. 

A suggested design project on an orbit rocket, J. of Space 
Flight, vol. 3, no. 1, Jan. 1951, pp. 1-5. Brief discussion of an 
earth satellite and problems of design. 


Hansson, S. A. 

Rymdraketer och jordsatelliter (Space rockets and earth 
satellites), Teknisk Tidskrift, vol. 81, Jan. 27, 1951, pp. 61-64. 
Rocket propulsion problems, radiation and collision hazards, 
navigation, space medicine, the earth satellite (selection of or! it) 
and construction of the satellite are considered. 


Hoeppner, Helmut 

The optimum satellite freight rocket, Brit. Interpl. Soc. //., 
vol. 10,.no. 6, Nov. 1951, pp. 301-302. Description of each of 
four stages of a four-step rocket and a table summarizing relev:nt 
data (from abstract in Proceedings of Second International 
Congress on Astronautics, London, 1951, p. 70). 


Joquel, A. L. 

The space-station as an astronomical observatory site. Paper 
presented at Symposium on Satellite Vehicles, Second Inter- 
national Congress on Astronautics, London, 1951. Summary in 
Brit. Interpl. Soc. J., vol. 10, no. 6, Nov. 1951, p. 304. Dis- 
cusses the advantages of the space station as a site for astronomi- 
cal observations. 


Kdlle, H. H. 

Design problems of the space-station. Paper presented at 
Symposium on Satellite Vehicles, Second International Congress 
on Astronautics, London, 1951. Summary in Brit. Interpl. 
Soc. J., vol. 10, no. 6, Nov. 1951, p. 304. Considers optimal 
design of both cargo rocket and space stations and calculates 
costs of construction and maintenance for a space station. 


Krause, H. G. L. 

Die Kinematik einer Aussenstation in einer zur Aquatorebene 
geneigten elliptischen Bahn. Forschungsrethe der Gesellschaft 
fiir Weltraumforschung, Bericht Nr. 10, Stuttgart, Dec. 1951. 


Kuhme, H. 

Start, return and landing of an optimum satellite step rocket. 
Paper presented at the Symposium on Satellite Vehicles, Second 
International Congress on Astronautics, London, 1951. Sum- 
mary in Brit. Interpl. Soc. J., vol. 10, no. 6, Nov. 1951, pp. 
302-303. Discusses drag coefficients at four different stages 
during the flight of a rocket. 


Kunesch, Anthony M. (see also Gatland, et al.) 

Conception of an instrument-carrying orbital rocket. Part III 
of: Orbital rockets, by K. W. Gatland, A. E. Dixon, and A. M. 
Kunesch, Brit. Interpl. Soc. J., vol. 10, no. 3, May 1951, pp. 
115-123. Covers the main design features of the orbital rocket. 


Lawden, Derek F. 

Entry into circular orbits. Part I: Brit. Interpl. Soc. J., 
vol. 10, no. 1, Jan. 1951, pp.5-17._ A mathematical discussion of 
the problem of the transfer of a body from the earth’s surface into 
a circular orbit above the earth. Part II: Brit. Interpl. Soc. //., 
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yol. 13, no. 1, Jan. 1954, pp. 27-32. Discusses problems of navi- 
gating rocket approaching planet from great distance . . . effects 
of varying line of approach and radius of circular orbit. 


Ley, Willy 

Rockets, missiles and space travel, New York, Viking Press, 
1951. 436 pp. Chap. 12: Terminal in space, pp. 317-347. 
General discussion of artificial satellites, their mechanical con- 
struction and utility. 


McLarren, Robert 

The brainwork is done, Aero Digest, vol. 63, no. 4, Oct. 1951, 
pp. 34-64. Discusses the technical problems and design con- 
siderations inherent in the creation of a space missile. 


Marbarger, John Porter, ed. 

Space medicine: the human factor in flights beyond the earth, 
Urbana, U. of Illinois Press, 1951, 83 pp. See especially chap. 
II: Multi-stage rockets and artificial satellites, by W. von Braun. 


Merten, R., ed. 

Hochfrequenztechnik und Weltraumfahrt. Hrsg. im Auftrage 
der Gesellschaft fiir Weltraumforschung, e. V., von R. Merten, 
Zirich, S. Hirzel, 1951, 116 pp., especially pp. 92-101: Funk- 
ver)indungen mit der Aussenstation. Includes discussion by 
Singer, Engel, Merten, Dieminger. 


Merten, R. 

Optimum orbit of a space station for radar tracking. Paper 
presented at the Symposium on Satellite Vehicles, Second Inter- 
national Congress on Astronautics, London, 1951. Summary in 
Brii. Interpl. Soc. J., vol. 10, no. 6, Nov. 1951, p. 303. Suggests 
use of radar tracking or Doppler method for determining posi- 
tion of an orbital rocket both in ascending and orbital stages. 


Nebel, R. 

How will the space station be constructed? Paper presented 
at the Symposium on Satellite Vehicles, Second International 
Congress on Astronautics, London, 1951. Summary in Brit. 
Interpl. Soc. J., vol. 10, no. 6, Nov. 1951, p. 304. Early work at 
the Raketenflugplatz reviewed by the author who indicates his 
opinions regarding design of space station to be essentially un- 
changed from original proposal in 1932. 


New York Times 

Vol. 101, no. 34,221, Thursday Oct. 4, 1951, p. 8, 1 column. 
Flight to planets forecast in Soviet; jet-propelled journeys to 
moon and creation of artificial satellite seen feasible. (Moscow, 
Oct. 3) Review of article by M. K. Tikhonranov, corresponding 
member of the Academy of Artillery Science, in juvenile magazine 
Pioneer Pravda. Subheading: U. 8S. study reported in 1949 
says that on Feb. 16, 1949, a project was revealed by a chart made 
public by the Curtiss-Wright Corp., which would include an 
“earth satellite.’ Reference also to Forrestal’s 1948 annual 
report, q.v. 


Nonweiler, T. 

Descent from satellite orbits using aerodynamic braking. 
Paper read at the Symposium on Satellite Vehicles, Second Inter- 
national Congress on Astronautics, London, 1951. Brit. Interpl. 
Soc. J., vol. 10, no. 6, Nov. 1951, pp. 258-274. Theoretical 
analysis of the descent of a piloted aircraft from a circular orbit 
through the atmosphere; heat transfer problems caused by air 
friction. 

Oberth, Hermann 

The electric space-ship, Radio Electronics, part II, vol. 22, no. 4, 

Jan. 1951, pp. 74-82. Uses of an artificial satellite. 


Ovenden, Michael W. 

Meteor hazards to space-stations, Brit. Interpl. Soc. J., vol. 10, 
no. 6, Nov. 1951, pp. 275-286. Discusses dangers of and pro- 
tection from meteors. See also Whipple on same subject. 


Pirquet, Guido von 

The foundation of the space-station. Paper presented at the 
Symposium on Satellite Vehicles, Second International Congress 
on Astronautics, London, 1951. Summary in Brit. Interpl. Soc. J. 
vol. 10, no. 6, Nov. 1951, p. 303. Discussion of long distance 
rocket as first step in establishing a space station, followed by 
construction of orbital rockets and space station itself. Sug- 
gested uses for space station. 


Piillenberg, A. 
Proposal for the construction of a space-station. Paper pre- 
sented at the Symposium on Satellite Vehicles, Second Inter- 
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national Congress on Astronautics, London, 1951. Summary in 
Brit. Interpl. Soc. J., vol. 10, no. 6, Nov. 1951, p. 304. Proposal 
for two-step rocket, second of which would serve as basis for 
space station. 


Sanger, Eugen 

Was kostet Weltraumfahrt? Weltraumfahrt, vol. 2, no. 3, 
June 1951, pp. 49-55. Cost data for a manned satellite and a 
trip to Mars. 


Schaub, Werner 

Die Aussenstation als kraftfreier Kreisel, Weltraumfahrt, 
vol. 2, no. 5, Oct. 1951, pp. 103-104. 

Das Probleme des extraterrestrischen Sonnenspiegel, Welt- 
raumfahrt, vol. 2, no. 3, June 1951, pp. 55-56. 

Die Raumstation als schwerer Kreisel, Weltraumfahrt, vol. 2, 
no. 6, Dec. 1951, pp. 121-125. 


Shepherd, L. R. 

The artificial satellite, Brit. Interpl. Soc. J., vol. 10, no. 6, 
Nov. 1951, pp. 245-248. Introduction to the Symposium on 
Satellite Vehicles at the Second International Congress on Astro- 
nautics, London, 1951. 


Smith, Ralph Andrews . 

Establishing contact between orbiting vehicles. Paper pre- 
sented at the Symposium on Satellite Vehicles, Second Inter- 
International Congress on Astronautics, London, 1951. Brit. 
Interpl. Soc. J., vol. 10, no. 6, Nov. 1951, pp. 295-299. Dis- 
cusses military use of contact between orbiting vehicles as well 
as fuel transfer points. 

Spitzer, Lyman, Jr. 

Interplanetary travel between satellite orbits, Brit. Interpl. 
Soc. J., vol. 10, no. 6, Nov. 1951, pp. 249-257. Discusses power 
sources, generation of electrical power, propulsion of ships, ete. 
Also in Journal of American Rocket Soc., vol. 22, no. 2, Mar.-Apr. 
1952, pp. 92-96. 


Thompson, L. N. 

Fundamental dynamics of reaction-powered space vehicles, 
Institution of Mech. Engineers, Proceedings, vol. 164, no. 3, 1951, 
pp. 264-273. Briefly suggests that step rockets and space 
stations offer promising fields of investigation for interplanetary 
flights. Article deals mainly with escape velocity. 


von Braun, Wernher, see Braun, Wernher von throughout 


Whipple, Fred L. 

Meteoric collision factor in space ship design, Aviation Age, 
vol. 16, no. 6, Dec. 1951, pp. 25, 26. Based on a paper presented 
at First Annual Symposium on Space Travel, Hayden Plane- 
tarium, New York, Oct. 12, 1951. Probability of space ve- 
hicle being hit by meteorite; some good meteoritic advice to 
space pilots. 


1952 


Ananoff, Alexandre 

L’Astronautique, les étapes d’une science nouvelle, Science et 
Vie (Paris), Special astronautical issue, 1952, pp. 13-27. Chrono- 
logical arrangement of names important in the history of rocketry 
and space travel. Many illustrations. 


Aubrey, C. T. 

Droppable stages may boost rockets to earth-circling orbits. 
From paper, ‘‘Practical aspects of space ship design and inter- 
planetary travel,’ presented at Soc. Automotive Engineers, 
Southern California Section, Los Angeles, Jan. 10, 1952. Soc. 
Automotive Engineers J., vol. 60, no. 9, Sept. 1952, pp. 19-23. 
Discussion and data for 2, 3, 4, 5-stage rockets; design of multiple 
stage rockets. 

Aviation Week 

Space meeting, vol. 57, no. 19, Nov. 10, 1952, p. 39. Contains 
summary of Third International Congress on Astronautics. 
Papers by H. J. Schaefer, W. von Braun, and A. Meyer are re- 
viewed. 

Space talk—Rocket Society papers point to outer flight, vol. 57, 
no. 13, Sept. 29, 1952, pp. 44-53. Discusses papers by H. E. 
Newell, Jr., M. W. Rosen, R. B. Snodgrass, H. Schaefer, and W. 
von Braun read at Fall Meeting of AMerIcAN Rocker Society 
at Chicago, Sept. 9-10. 

Berroth, Alfred von 

Der kiinstliche Mond als Hilfsmittel fiir Geodasie und Astro- 

nomie, Geofisica pura e applicata, vol. 22, no. 1/2, March 1952, 
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pp. 139-146. Possibilities for solving problems in geodesy 
and astronomy by use of an artificial satellite. 


Bédewadt, W. T., see Engel et al. 


Braun, Wernher von 

The early steps in the realization of the space station. Lecture 
given at the Second Symposium on Space Travel at the Hayden 
Planetarium, American Museum of Natural History, Oct. 13, 
1952, Brit. Interpl. Soc. J., vol. 12, no. 1, Jan. 1953, pp. 23-26. 
Outlines program to be undertaken to make the space station a 
reality. 

The return of a winged rocket vehicle from a satellite orbit to 
the earth. Physics and medicine of the upper atmosphere; a 
study of the aeropause edited by Clayton 8. White and Otis O. 
Benson, Albuquerque, U. of New Mexico Press, 1952, pp. 432- 
440. A partial excerpt from von Braun’s “The Mars project,” 
1952, q.v. 

Von Braun offers plan for station in space, Aviation Age, vol. 
18, no. 6, Dec. 1952, pp. 61-63. Presents early steps for estab- 
lishment of a space station which needs to be a well-coordinated 
project necessitated by magnitude of the task. Suggests a study 
schedule to explore all phases of the problem and the development 
and testing program. 

Weltraumfahrt, eine Aufgabe fiir die internationale wissen- 
schaftliche Zusammenarbeit. Paper presented at Third Inter- 
national Astronautical Congress, Stuttgart, Sept. 1-6, 1952. 
Kdlle, H. H., ed., Probleme aus der Astronautischen Grundlagen- 
forschung, Stuttgart, Gesellschaft fiir Weltraumforschung, 1952, 
pp. 246-256. A suggestion to delve into various scientific fields 
to discover fresh approaches to all aspects of an artificial satellite. 


Burgess, Eric 

The Martian probe, Aeronautics, vol. 27, no. 4, Nov. 1952, pp. 
26-33. Discusses those problems which may present themselves 
after the development of artificial satellites. 

Rocket propulsion, London, Chapman and Hall, 1952, 235 
pp. Chap. VI: Long range rocket projectiles, pp. 145-165. 
Chap. VII: The rocket and interplanetary travel, pp. 166-199. 
Discusses the various proposed uses of an earth satellite. 


Caidin, Martin 
Rockets beyond the earth, New York, McBride, 1952, chap. 
IX, pp. 160-182, Stations in space, plus other references. 


Clarke, Arthur Charles 

The rocket and the future of astronomy, Royal Astronomical 
Soc., Occasional Notes, vol. 2, no. 14, Dec. 1952, pp. 1-10. Espe- 
cially Earth satellite vehicle, pp. 3-5, and The space station, pp. 
8-9. 


Cross, C. A. 

Fundamental basis of power generation in satellite vehicle, 
Brit. Interpl. Soc. J., vol. 11, no. 3, May 1952, pp. 117-125. 
Construction of solar power generator claimed to be sound and 
practical. 


Dixon, A. E., see Gatland et al. 


Durant, Frederick C. 

How far are we from space flight? Aviation Week, vol. 56, no. 
21, May 26, 1952, pp. 25, 26, 29-30, 33, 35. Problems and 
achievements in the development of rocket-powered space flight; 
proposals for satellite vehicles. 


Ehricke, Krafft A. 

Establishment of large satellites by means of small orbital car- 
riers. Paper presented at Third International Astronautical 
Congress, Stuttgart, Sept. 1-6, 1952. Kélle, H. H., ed., Probleme 
aus der Astronautischen Grundlagenforschung, Stuttgart, Gesell- 
schaft fiir Weltraumforschung, 1952, pp. 111-145. A method for 
establishing and supplying a large satellite by means of small 
rocket vehicles. 

A method of using small orbital carriers for establishing satel- 
lites, American Rocket Society Paper no. 69-52. Discusses trans- 
fer of satellite-bound payload in auxiliary orbit, selection of satel- 
lite orbit and auxiliary orbits, satellite ship and orbital carrier, 
ascent of the orbital carrier, direct powered ascent, and other 
pertinent topics. 


Engel, Rolf, Hanisch, Kurt, and Bédewadt, W. T. 

Die Aussenstation. Chap. 3, pp. 117-154 in Raumfahrt- 
forschung, Heinz Gartmann, ed., Miinchen, R. Oldenbourg, 
1952. Detailed discussion of orbits, and of construction and 
cost estimates of satellites. 
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Esclangon, Ernest 

Voyages extra-terrestres, Science et Vie (Paris), Special astro- 
nautical issue, 1952, pp. 5-12. Discusses the extent of the solar 
system, the moon, artificial satellites of the earth, and the astro- 
nomical uses of a satellite. 


Gatland, Kenneth W., Kunesch, M., and Dixon, A. E. 

Satellite rockets; projects for “minimum vehicles’’ to perform 
various research duties, Flight, vol. 61, no. 2246, Feb. 8, 1952, pp. 
150-152. Reprint of Minimum satellite vehicles, by s:me 
authors, 1951, q.v. 


Goode, Harry H. 

An analysis of the space station, Rocketscience, vol. 6, no. 3, 
Sept. 1952, pp. 55-59. Satellite is feasible within ten years; ten 
years more would be required to build space station; military 
utility; destruction of a satellite. 


Grant, Lewis J., Jr. 

Ascent from earth, J. of Space Flight, vol. 4, no. 7, Sept. 
1952, pp. 1-4. Discusses the advantages of a standard 175-mile- 
high space station. 


Hahnemann, H. W. 

Gegenwartiger Entwicklungsstand, V.D.I. Zeitschrift, vol. 
no. 32, Nov. 11, 1952, pp. 1045-48. Present status of sp:ce 
flight; reviews of papers read at the Third International Astro- 
nautical Congress, Stuttgart, Sept. 1-6, 1952, especially papers of 
K. A. Ehricke “Errichtung grosser Aussenstationen mittels kleiner 
Kreisbahn-Lastraketen,” and “The establishment .. .”” and H. 
Krause “Die Stérungen der Aussenstationsbahn.” 


Hanisch, Kurt, see Engel et al. 


Hecht, Friedrich 

Chemische Probleme des Weltraumfluges. Paper presented at 
Third International Astronautical Congress, Stuttgart, Sept. 
1-6, 1952. Ko6lle, H. H., ed., Probleme aus der Astronautischen 
Grundlagenforschung, Stuttgart, Gesellschaft fiir Weltraum- 
forschung, 1952, pp. 30-39. Discusses chemical problems which 
will be met in space ships, space stations and planetary bases. 


Heim, B. 

Die dynamische Kontrabarie als Lésung des Astronautischen 
Problems. Paper presented at Third International Astronautical 
Congress, Stuttgart, Sept. 1-6, 1952. Kolle, H. H., ed., Probleme 
aus der Astronautischen Grundlagenforschung, Stuttgart, Gesell- 
schaft fiir Weltraumforschung, 1952, pp. 181-183. Believes that 
the artificial satellite program will be carried out by using chemi- 
cal propellant rockets. 


Hoeppner, Helmut 

Die Satellitenrakete, 1952. Paper presented at Third Inter- 
national Astronautical Congress, Stuttgart, Sept. 1-6, 1952. 
Kdlle, H. H., ed., Probleme aus der Astronautischen Grundlagen- 
forschung, Stuttgart, Gesellschaft fiir Weltraumforschung, 1952, 
pp. 97-104. Discusses the major characteristics of satellite 
rocket 52. 


Humphries, J. 

Artificial satellites, Aeronautics, vol. 26, no. 3, April 1952, pp. 
62, 65-66, 69-70. Discusses views on artificial satellites and 
other space problems. 

Rockets and space flight, New Zealand Engineering, vol. 7, no. 
3, March 1952, pp. 82-85. A brief survey of rockets, propellants, 
space flight and space stations. 


Ketchum, Harold B. 

Flights to the major planetary systems, J. of Space Flight, 
vol. 4, no. 9, Nov. 1952, pp. 1-3. Briefly mentions establishment 
of space stations close to the large planets for purpose of obtaining 
information as to their structure, etc. 

A preliminary survey of the constructional features of space 
stations, J. of Space Flight, vol. 4, no. 8, Oct. 1952, pp. 1-4. 
Design features of a robot station: hull design, instruments to 
be installed, telemetering equipment, continuous energy, propul- 
sion and robot control mechanisms. 


Krause, Helmut 

Die Bewegung einer Aussenstation in einer elliptischen, zum 
Erdaquator geneigten Bahn um die Erde, Weltraumfahrt, vol. 3, 
no. 1, Jan. 1952, pp. 17-25, and vol. 3, no. 3, July 1952, pp. 74-79. 
A mathematical analysis. 
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Krause, H. G. L. 

Die Sakularstérungen einer Aussenstationsbahn. Paper pre- 
sented at Third International Astronautical Congress, Stuttgart, 
Sept. 1-6, 1952. KG6lle, H. H., ed., Probleme aus der Astro- 
nautischen Grundlagenforschung, Stuttgart, Gesellschaft fiir 
Weltraumforschung, 1952, pp. 162-173. Discusses secular 
perturbations for satellite orbits and the possibility of the arti- 
ficial satellite proving the general relativity theory of Einstein. 


Kuhme, Heinrich 
Zur Aerodynamik von Start und Landung der Satellitenrakete, 
Wel!raumfahrt, vol. 3, no. 2, April 1952, pp. 53-59. 


Kunesch, M., see Gatland et al. 


Lawden, Derek F. 

Inter-orbital transfer of a rocket. Paper presented at Third 
International Astronautical Congress, Stuttgart, Sept. 1-6, 1952. 
Kolle, H. H., ed., Probleme aus der Astronautischen Grundlagen- 
forschung, Stuttgart, Gesellschaft fiir Weltraumforschung, 1952, 
pp. 146-161. Also in: Brit. Interpl. Soc. Annual Report, 1952, 
pp. 321-333. The problem of the transfer of a rocket between 
two coplanar elliptical orbits about the same centre of universe 
square law attraction along a trajectory requiring a minimum fuel 
expenditure is solved. 

Orbital transfer via tangential ellipses, Brit. Interpl. Soc. J., 
vol. 11, no. 6, Nov. 1952, pp. 278-289. Method of orbital transfer 
via ellipses and for calculating optimum transfer ellipse; special 
case of transfer between two orbits of small eccentricity con- 
sidered. 


Lessac, Charles 

Les satellites artificiel et les voyages cosmiques, Science et Vie 
(Paris), special astronautical issue, 1952, pp. 134-156. Long 
article with many illustrations. Discusses the mechanics of a 
satellite, the establishment of a satellite, the satellite of Ross and 
Smith, the satellite of von Braun, trip to the planets, and inter- 
stellar voyages. 


Merten, R. 

Uber einige hochfrequenz technische Probleme der Weltraum- 
fahrt. Paper presented at Third International Astronautical 
Congress, Sept. 1-6, 1952. Kélle, H. H., ed., Probleme aus der 
Astronautischen Grundlagenforschung, Stuttgart, Gesellschaft 
fir Weltraumforschung, 1952, pp. 239-244. Discusses the use 
in a rocket of high frequency waves when ascending from the 
earth or on an artificial satellite. 


Meyer, Alex 

Rechtliche Probleme des Weltraumflugs. Paper presented at 
Third International Astronautical Congress, Stuttgart, Sept. 
1-6, 1952. Kélle, H. H., ed., Probleme aus der Astronautischen 
Grundlagenforschung, Stuttgart, Gesellschaft fiir Weltraum- 
forschung, 1952, pp. 19-29. A discussion of: 1. Legal character 
of outer space; 2. Legal obligations on occasions of space flight ; 
3. Legal treatment of the artificial satellite. 


Mueller, Gregg 

Optimum range of a wingless rocket about a rotating earth, 
thesis, California Inst. of Technology, 1952, 41 pp. ‘The motion 
of « wingless rocket in a vacuum about a spherical non-rotating 
earth describes the elliptic orbit of a material point of mass in a 
central field of force. . .but when considering the effects of a rotat- 
ing earth there is no simple mathematical solution. To analyze 
these effects it is necessary to solve the equations for various 
initial velocities at various angles of elevation and optimize the 
results by interpolation formulas.” 


Oberth, Hermann 

Private Vorarbeit zur Weltraumfahrt. Paper presented at 
Third International Astronautical Congress, Stuttgart, Sept. 
1+h, 1952. Kélle, H. H., ed., Probleme aus der Astronomischen 
Grundlagenforschung, Stuttgart, Gesellschaft fiir Weltraum- 
forschung, 1952, pp. 11-19. Discusses the construction of an 
artificial satellite, the problem of weightlessness and other topics. 

Stationen im Weltraum, chap. 4, pp. 155-165 in Raumfahrt- 
forschung, Heinz Gartmann, ed., Miinchen, R. Oldenbourg, 1952. 


Preston-Thomas, H. 

Generalized interplanetary orbits, Brit. Interpl. Soc. J., vol. 
ll, no. 2, March 1952, pp. 76-85. Continuation of a discussion 
by A. C. Clarke, published in March 1949 issue. Points out where 
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one can obtain the first approximation, time of flight and power 
requirements for journey between any two specified orbits. 

Interorbital transport techniques (with special reference to solar 
derived power), Brit. Interpl. Soc. J., vol. 11, no. 4, July 1952, pp. 
173-193. Discusses types of ships that could operate from satel- 
lite station, collect raw materials and return to earth. 


Richardson, R. S. 

Space stations for free, Pacific Rocket Soc. Bulletin, vol. 5, no. 
10, Oct. 10, 1952, section B, pp. 1-4. Reviews Jules Verne’s 
“From the earth to the moon’’; also discusses the search for an 
existing satellite. 


Rougeron, Camille 

Clef des voyages extra-terrestres: la propulsion par fusée, 
Science et Vie (Paris), special astronautical issue, 1952, pp. 87-95. 
Discusses satellite rockets. 


Ryan, Cornelius, ed. 

Across the space frontier, New York, Viking Press, 1952, 160 
pp. Numerous references to space stations, satellite orbits and 
rocket ships. 

Sanger, Eugen 

Problems of astronautical research, Brit. Interpl. Soc. J., vol. 
11, no. 2, March, 1952, pp. 57-60. Discusses problems and 
relevancy of astronautical studies to other fields of human 
knowledge. 

Schachter, Oscar 

Legal aspects of space travel, Brit. Interpl. Soc. J., vol. 11, no. 
1, Jan. 1952, pp. 14-16. Discusses extension of states rights 
upward, freedom of outer space, claims to celestial bodies. 


Schaub, Werner 

Die Flutkrafte auf der Aussenstation, Weltraumfahrt, vol. 3, 
no. 1, Jan. 1952, pp. 1-8. 

Gedanken eines Astronomen zur Weltraumfahrt, Weltraum- 
fahrt, vol. 3, no. 2, April 1952, pp. 34-38. 

Méglichkeiten des Uberganges aus einer Ellipsenbahn in eine 
Kreisbahn und umgekehrt, Weltraumfahrt, vol. 3, no. 3, July 
1952, pp. 81-86, and no. 4, Oct. 1952, pp. 106-111. 


Singer, S. Fred 

Research in upper atmosphere with sounding rockets and earth 
satellite vehicles, Brit. Interpl. Soc. J., vol. 11, no. 2, March 1952, 
pp. 61-73. Discusses why present upper atmosphere research is 
fundamental to development of space flight, astrophysical re- 
search believed to provide main impetus for earth satellite orbital 
rocket project; presents arguments for establishment of earth sat- 
ellite as solar observatory outside atmosphere. 


Slater, A. E. 

Astronautics at Stuttgart, Aeroplane, vol. 83, no. 2149, Sept. 
26, 1952, pp. 456-57. Summaries of 23 papers delivered at Inter- 
national Astronautical Congress at Stuttgart, Sept. 1952. 


Stemmer, Josef 

Raketenantriebe, ihre Entwicklung, Anwendung und Zukunft; 
eine Ejinfithrung in das Wesen des Raketenantriebes, sowie 
Raketen- und Weltraumfluges, Zurich, Schweizer Druck- und 
Verlagshaus A. G., 1952, 523 pp. Especially chap. 9: Welt- 
raumflug. The artificial satellite—economie and astrophysical 
problems. 


Thompson, L. N. 

Artificial satellites—key to space flight, Jnteravia, vol. 7, no. 3, 
March 1952, pp. 148-50. Discusses escape velocity, landing 
procedure, atomic power plants, and suborbital satellite stations. 

Man without gravity; the physiological and psychological 
problems of space flight, Flight, vol. 61, no. 2251, Mar. 14, 1952, 
pp. 298-300. Discusses the problems of space flight as it will 
affect the crews which man artificial satellites. 


Vaeth, J. G. 

Escape from earth, Flying, vol. 51, no. 6, Dec. 1952, pp. 27-44. 
Satellites as herein discussed are tanker rockets circling the 
globe at several hundred miles above earth. These will be used 
for refuelling space ships en route to other planets. 


Whipple, Fred L. 

Meteoritic phenomena and meteorites, in Physics and medicine 
of the upper atmosphere, a study of the aeropause, edited by 
Clayton 8. White and Otis O. Benson, Albuquerque, U. of New 
Mexico Press, 1952, pp. 137-170. Discusses meteoritic pene- 
tration of high-altitude vehicles, chances of meteoritic encounter, 
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masses and energies of meteoroids, the problem of penetration of 
a high-velocity meteoritic particle into a solid metallic surface 
and safety precautions. This article is a more modern version of 
“Possible hazards to a satellite vehicle from meteorites,’”’ Project 
Rand, Douglas Aircraft Co., Santa Monica, California, Sept. 1, 
1946, which is now out of print. 


1953 


Ackeret, J. 

Astronautik, Neue Ziircher Zeitung, no. 242, Sept. 3, 1953, p. 4. 
Prof. Ackeret (E.T.H.) traces the development of the idea of 
space travel, the space station, etc., and gives abstracts of papers 
presented at the Fourth International Astronautical Congress in 
Zurich. 

Allen, William A. 

Two ballistics problems of future transportation, American J. 
of Physics, vol. 21, no. 2, Feb. 1953, pp. 83-89. Solution of prob- 
lem of vehicle moving along great circle of earth and of problem 
of rocket moving radially away from earth. 


Aviation Week 

System study urged for satellite, vol. 58, no. 9, Mar. 2, 1953, 
p. 155. Wernher von Braun urges systematic study of value of 
artificial satellites. 


Braun, Wernher von, Whipple, Fred L., and Ley, Willy 
Conquest of the moon, New York, Viking, 1953, 126 pp.and Man 
on the moon, London, Sidgwick and Jackson, 1953, 134 pp. 
Expanded versions of series of Collier’s articles entitled ‘‘Man on 
the moon,” edited by Cornelius Ryan. Mentions space station. 


Braun, Wernher von 

The Mars project (English translation of Das Marsprojekt, 
Esslingen a. N., Bechtle Verlag, 1952), prepared by Henry J. 
White, Urbana, U. of Illinois Press, 1953. A study designed 
ultimately to enable a fleet of ten space ships, manned by seventy 
men, to enter an elliptical orbit around the sun. The space ships 
will be assembled in a two-hour orbital path around the earth 
from materials brought up by three-stage ferry rockets. Once 
assembled, the ships will leave the earth’s field of gravity and 
proceed to the orbit around the sun. 

Space superiority, Ordnance, vol. 37, no. 197, Mar.-Apr. 1953, 
pp. 770-775. Launching of satellite; military uses; establish- 
ment of second orbital station, etc. 


Burgess, Eric, and Cross, C. A. 

Martian probe, Brit. Interpl. Soc. J., vol. 12, no. 2, March 
1953, pp. 72-74. Projectionof automatic rocket into orbit around 
Mars, from which it would telemeter data back to earth. Such 
rocket requires little more development of techniques than would 
be needed for establishment of automatic earth satellites; data 
which could be collected are shown to justify proposal. 

Burgess, Eric 

Military and civilian rocket research, Engineer, vol. 196, no. 
5102, Nov. 6, 1953, pp. 581-83. Author regards concentration 
of research upon military purposes as unfortunate and even 
dangerous, and calls for setting up of an international body to 
take up work leading toward the creativn of artificial satellite— 
an organization which would publish openly the results of its 
work. 

Cleator, Philip Ellaby 

Into space, London, Allen and Unwin, 1953, New York, Thomas 
Y. Crowell Co., 1954, 160 pp.; part 4, chap. III, p. 127-131: 
Man made moon. 

Cleaver, A. V. 

Nuclear energy and rocket propulsion, Aeroplane, vol. 84, no. 
2185, June 5, 1953, pp 736-738. Mention of satellite rockets and 
missiles. 

Crocco, G. Arturo 

I fondamenti dell’astronautica, L’ Aerotecnica, vol. 33, no. 2, 
April 1953, pp. 135-140. Presented at the General Assembly of 
the Associazione Italiana di Aerotecnica, Feb. 1953. Includes 
some discussion of satellites and space stations. 


Cross, C. A., see Burgess, Eric 
Dixon, A. E., see Gatland et al. 


Ehricke, Krafft A. 
Take-off from satellite orbits, J. of American Rocket Society, 
vol. 23, no. 6, Nov.-Dec. 1953, pp. 372-374. Comments on a 
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paper by H.S. Tsien in J. of American Rocket Society, vol. 23, no. 
4, July-Aug. 1953, pp. 223-236, q.v. 


Eula, Antonio 

L’Astronautica (Paper presented at a conference held in Rome, 
May 16, 1953, of the Societé Geografica Italiana), L’ Aerotecnica, 
vol. 33, no. 3, June 1953, pp. 231-244. Discusses satellites as 
relay stations, military weapons, as stepping stones to space, ete. 


Gartmann, Heinz 

Die Evolution des Raumfahrzeugs; Analyse einer Idee, Wel- 
traumfahrt, vol. 4, no. 2, April 1953, pp. 36-42. Traces current 
thoughts on various space vehicles including rockets, satellite 
rockets and space stations. 

Vom Feuerpfeil zum Weltraumschiff, Munich, W. Anderm:nn, 
1953, 93 pp., especially pp. 56-63: Eine Station im Weltraum. 


Gatland, Kenneth W., Kunesch, A. M., and Dixon, A. E. 

Fabrication of orbital vehicle, Brit. Interpl. Soc. J., vol. 12, 
no. 6, Nov. 1953, pp. 274-285. Methods of assembling vehicle in 
close satellite orbit from prefabricated parts carried out to lase 
orbit by 500 T. freighter rockets. 


Gatland, Kenneth W., and Kunesch, Anthony M. 

Space travel, New York, Philosophical Library, 1953, 205 pp. 
History of rocket development, including aspects pertinent to 
human travel. Considers artificial satellite, operations in sp::ce, 
ete. 

Haber, Heinz 

Man in space, Indianapolis, Bobbs-Merrill; London, Sidgw ick 
and Jackson, 1953, 291 pp.; pp. 24 ff: Orbital space ship. Pri- 
marily concerned with the problems involved in establishing an 
artificial satellite. 

Hope-Jones, E. F. 

Planetary engineering, Brit. Interpl. Soc. J., vol. 12, no. 4, 
July 1953, pp. 155-159. Brief consideration of power sources on 
planets and artificial satellites. 


Ketchum, Harold B. 

Navigational calculations in space flight (investigation of the 
effect of the precision of astronomical data). Part I: Planetary 
orbital distances, J. of Space Flight, vol. 5, no. 4, April 1953, pp. 
1-8. Part II: Planetary orbital velocities and gravitational 
fields; and the gravitational field of the sun, J. of Space Flight, vol. 
5, no. 7, Sept. 1953, pp. 1-5. Part III: Satellite gravitational 
fields, orbital velocities and elements of orbits, J. of Space Flight, 
vol. 5, no. 10, Dec. 1953, pp. 1-9. Part IV: The aspects of 
atmospheric friction (the earth’s atmosphere), J. of Space Flight, 
vol. 6, no. 6, June 1954, pp. 1-8. 


Kooy, J. M. 

On plotting small thrust space ship orbits. Space-flight prob- 
lems. Collection of lectures at the Fourth Astronautical Con- 
gress in Zurich, 1953. Cie-Biel-Bienne, Laubscher, 1953, pp. 
108-111. Discusses the forces acting on space ships at the 
moment of arrival and departure from circular orbits. 


Kunesch, Anthony M., see Gatland et al. 


Lawden, Derek F. 

Escape to infinity from circular orbits, Brit. Inierpl. Soc. J., 
vol. 12, no. 2, March 1953, pp. 68-71. The problem of escape 
from a circular orbit to infinity, the final velocity being specified, 
using a minimum of fuel, is considered. 


Leonard, Jonathan Norton 

Flight into space; the facts, fancies and philosophy, New York, 
Random House, 1953, 307 pp. Extensive description of living 
conditions, military value, meteor hazards, cost, construction, and 
fuel for equipment on a satellite station. 


Ley, Willy, see Braun, Whipple, et al. 
Mur Vilaseca, Tomas 


La astronautica; ¢Qué debemos pensar acerca de la posibilidad 
de los viajes por el espacio? Revista de Obras Publicas, vol. 101, 
no. 2858, June 1953, pp. 269-279. Survey of astronautics, includ- 
ing propulsion of a space vehicle, historical outline, fundamental 
equations of the rocket, the space station, and the trip to the 
moon. 

R.A.F. Flying Review 

German space-ship, vol. 8, no. 8, May 1953, pp. 16-17. Brief 
article on a space station called Astropol, planned on paper by 
Helmut Hoeppner and K. B. Schonenberger. 
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Rosen, Milton W., and Snodgrass, Richard B. 
Margin for error. Space-Flight Problems. Collection of all 
lectures held at the Fourth Astronautical Congress, Zurich, 1953, 


Cie-Biel-Bienne, Switzerland, Laubscher, pp. 60-62. An ex- 


amination of three satellite plans. 


Ross, Harry E. 

Wide peace use seen for earth satellite, Aviation Week, vol. 58, 
no. |7, April 27, 1953, pp. 39-40. Discusses variety of uses for 
earth satellite—debunks military advantages. 


Schaub, Werner 

Der innere Marsmond Phobos—ein Mond in Auflésung, 
Weltraumfahrt, vol. 4, no. 3, July 1953, pp. 65-67. Discussion of 
the small, inner satellite of Mars, Phobos, which circles at a 
height of 6000 km. The author’s theory is that since Phobos is 
within Roche’s limit, its surface must now be free of loose mate- 
rial The attack of rays from space will loosen more and more 
of the surface so that eventually a ring of dust particles will be 
formed in an orbit around Mars. (The implication in the case of 
artificial satellites is to be sure to place the satellite outside of 
Roche’s limit lest all surface matter be dragged off. ) 


Slater, A. E. 

Space flight congress, Aeroplane, vol. 85, no. 2196, Aug. 21, 
1953, pp. 230-231. Summariesof 46 papers delivered at the Fourth 
International Astronautical Congress at Zurich, Aug. 1953. 


Stehling, Kurt R. 

larth scanning techniques for a small orbital rocket vehicle. 
Space-Flight Problems. A collection of lectures held at the 
Fourth Astronautical Congress in Zurich, 1953. Cie-Biel-Bienne, 
Switzerland, Laubscher, pp. 63-70. A description of two systems 
of .n earth scanning, minimum instrumented, orbital rocket 
vehicle. 

Sutton, George P. 

Kockets behind the iron-curtain, J. of American Rocket Society, 
vol. 23, no. 3, May-June, 1953, pp. 186-191. Reviews work 
being done in USSR on rocket development, large rocket motors, 
and satellite vehicles. 


Tsien, H. S. 

Take-off from satellite orbit, J. of American Rocket Society, 
vol. 23, no. 4, July-Aug. 1953, pp. 233-236. For comments on 
above see: Ehricke, K. A., Take-off from satellite orbits, q.v. 


Welf Heinrich, Prinz von Hannover 
Die Rechtsprobleme des Weltraumes, Weltraumfahrt, vol. 4, 
no. 4, Oct. 1953, pp. 116-21. Summary of a doctoral dissertation. 


Whipple, Fred L. 

Astronomy from the space station. Lecture given at the Second 
Symposium on Space Travel at the Hayden Planetarium, Ameri- 
can Museum of Natural History, Oct. 13, 1952, Brit. Interpl. Soc. 
J., vol. 12, no. 1, Jan. 1953, pp. 1-3. Discusses possible observa- 
tion from and uses of a space station. 


Winterberg, Friedwart 

Grundsatzliches zum Wirkungsgrad von Warmekraftmaschinen 
und zur Warmeabgabe durch Strahlung auf der Aussenstation, 
Weltraumfahrt, vol. 4, no. 3, July 1953, pp. 75-77. 


1954 


Aeronautical Engineering Review 

The growing interest in space travel, a report on the Fifth 
International Astronautical Congress, Innsbruck, Austria, Aug. 
1-7, 1954; vol. 13, no. 11, Nov. 1954, pp. 67-68. Briefly reviews 
32 papers presented at the Congress. 


Anderton, David A. 

Space experts outline targets, Aviation Week, vol. 60, no. 3, 
Jan. 18, 1954, pp. 34-41. Report on American Rocket Society’s 
Symposium on Space Flight held at Eighth Annual Meeting of 
AMERICAN Rocket Society, New York, N. Y., Dec. 2-4, 1953. 
Braun, Wernher von 

Logistic aspects of orbital supply systems, American Rocket 
Society Paper no. 185-54. Presented at the Ninth Annual Meet- 
ing of the AMERICAN Rocket Society, New York, N. Y., Nov. 
30-Dec. 3, 1954. Review of recoverable booster proposals, 
ground tracking equipment, and ground bases. 

British Interplanetary Society Journal 

Notes and news, vol. 13, no. 3, May 1954, pp. 176-179. In- 

cludes several references to satellites. 
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Power supplies for an instrument-carrying satellite, vol. 13, 
no. 5, Sept. 1954, pp. 294-296. Discusses source of power re- 
quired to operate instruments and transmitter with which to 
relay information to the earth’s surface. 


Caidin, Martin 
Red star in space, Astronautics, vol. 1, no. 1, Fall 1954, pp. 8, 
9, 33. Discusses possibilities of a Russian artificial satellite. 
Worlds in space, New York, Henry Holt & Co., 1954, 212 pp. 
The history of rocket development; the establishment of a space 
station; details of the problems to be solved; drawingboard 
plans of the techniques of space travel. 


Clarke, Arthur Charles (see also Smith, Ralph Andrews) 

Going into space, New York, Harper, 1954, 117 pp. (This 
book is published in England under the title of “The young 
traveller in space.’’) Chap. 5: On the frontier of space. Chap. 
6: Citizens of space. Young people’s version of aspects concern- 
ing the space station. 

Cleaver, A. V. 

Programme for achieving interplanetary flight, Brit. Interpl. 
Soc. J., vol. 13, no. 1, Jan. 1954, pp. 1-27. Outlines the various 
phases of research and development which must be traversed 
before interplanetary flight can be achieved. 


Crocco, G. Arturo 

Quesiti sui missili geodetici (Some problems in geodetic mis- 
siles), L’ Aerotecnica, vol. 34, no. 2, Apr. 1954, pp. 59-71. Possi- 
bility of military use of orbital stations. 


Cross, C. A. 

Orbits for an extra-terrestrial observatory, Brit. Interpl. Soc. J., 
vol. 13, no. 4, July 1954, pp. 204-207. Discusses ideal site for 
space-station observatory. 


Durant, Frederick C., III 

Space flight needs only money, time, Aviation Week, vol. 61, 
no. 13, Sept. 27, 1954, pp. 46-52. Contains summaries of papers 
presented at the Fifth Congress of the International Astronautical 
Federation. 


Ehricke, Krafft A. 

A new supply system for satellite orbits, Jer PROPULSION, vol 
24, no. 5, Sept.-Oct. 1954, pp. 302-309; no. 6, Nov.-Dec. 1954, pp. 
365, 369-373. 

Satellite orbits for interplanetary flight, Jer Proputsron, vol. 
24, no. 6, Nov.-Dec. 1954, pp. 381-382. Review and condensa- 
tion of earlier articles by author and Derek F. Lawden, q.v. 


Gatland, Kenneth W. 

Development of the guided missile, 2nd edition, London, 
lliffe and Sons, 1954, 292 pp. Chap. 8: Space satellite rockets, 
pp. 193-212. Discusses methods of attaining orbits, use of 
satellite as self-contained automatic weather station, automatic 
transmitter, and as a potential atomic bombing platform. 

Progress towards astronautics, Brit. Interpl. Soc. J., vol. 13, 
no. 3, May 1954, pp. 142-166. Review of achievements and 
opinions recorded in 1949 and progress made by 1954. Very 
brief note on 3-step unmanned rocket satellite to circle earth at 
distance of 200 miles, and the economics of satellites. 


Hoover, George W. 

Instrumentation for space vehicles, American Rocket Society 
Paper no. 157-54. Presented at Ninth Annual Meeting of the 
AMERICAN Rocket Society, New York, N. Y., Nov. 30-Dec. 3 
1954, 3 pp. Instrumentation for space vehicles can be divided into 
two categories: research instrumentation, or the measurement of 
scientific phenomena; and instrumentation for control and orien- 
tation of a manned vehicle. Discussion of quantities to be meas- 
ured and units of measurement. 


Kélle, H. H., and Kaeppeler, H. J. 

Literaturverzeichnis der Astronautik. Tittmoning, Oberbayern, 
Pustet, 1954, 100 pp. Compiled and edited in cooperation with 
the Gesellschaft fiir Weltraumforschung. Representative cross 
section of current pertinent literature. Small section on artificial 
satellites. Also contains interesting classification system for 
astronautics devised by E. Sanger. 


La Paz, Lincoln 

Advances of the perigees of earth-satellites predicted by general 
relativity, Astronomical Society of the Pacific Publications, vol. 66, 
no. 388, Feb. 1954, pp. 13-16. Mathematical investigation of the 
advances of lunar and satellite perigees moving about the earth. 
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Lawden, Derek F. 

Comment on “Satellite orbits for interplanetary flight,” Jer 
PROPULSION, vol. 24, no. 6, Nov.-Dec. 1954, p. 382. Refers to 
Ehricke’s paper, ‘‘A new supply system for satellite orbits,” q.v. 


Leyson, Burr Watkins 

Man, rockets and space, New York, E. P. Dutton, 1954, 188 
pp. Chap. 5: Plans for the conquest of space, p. 109. Chap. 6: 
Is space travel possible, p. 125. Chap. 7: Man in space—condi- 
tions during space travel, p. 139. These chapters include both 
sides of the argument concerning the feasibility of the manned 
satellite. 

Logie, J. 

Effect of tidal friction on near satellite, Brit. Interpl. Soc. J., 
vol. 13, no. 3, May 1954, pp. 170-175. A space station revolving 
around the earth below an altitude of less than 1000 miles would 
need powerful engines to sustain it, otherwise tidal friction would 
bring it down to earth in a few months. 


Oberth, Hermann 

Menschen im Weltraum; neue Projekte fiir Raketen- und 
Raumfahrt, Diisseldorf, Econ-Verlag, 1954, 256 pp. Satellite 
rockets, space stations, the space mirror, and other topics. 


Proell, Wayne 

The two new terrestrial moons and American astronautical 
policy, J. of Space Flight, vol. 6, no. 9, Oct. 1954, pp. 1-5. Con- 
siders using the newly found satellites as space stations as opposed 
to using an artificial satellite. 


Romick, Darrell C., Knight, Richard E., and Pelt, John M. Van 

A preliminary design study of a three-stage satellite ferry 
rocket vehicle with piloted recoverable stages, American Rocket 
Society Paper no. 186-54, 41 pp. Paper presented at the Ninth 
Annual Meeting of the American Rocket Society, New York, 
N.Y., Nov. 30-Dee. 3, 1954. A preliminary design for a 3-stage 
ferry rocket vehicle for carrying a sizable payload into a satellite 
orbit, and returning to the earth’s surface. Each separate vehicle 
has delta wings and retractable landing gear. 


Schmidt, Ernst 

Diisenflugzeug und Raketenantrieb, Deutsches Museum, 
Abhandlungen und Berichte, vol. 22, no. 1, Munich, Oldenbourg, 
1954, 32 pp. Short history of jet propulsion and rocket drive, 
including a discussion of satellite techniques. 


Singer, S. Fred 

Astrophysical measurements from an artificial earth satellite. 
Boyd, R. L. F., and Seaton, M. J., ed., Rocket exploration of the 
upper atmosphere, London, Pergamon Press, 1954. Part VII, 
pp. 368-370: Considers various types of observations which 
might be made from an artificial satellite. 

A minimum orbital instrumented satellite—now, Brit. Interpl. 
Soc. J., vol. 13, no. 2, March 1954, pp. 74-79. Discusses mini- 
mum satellite vehicles, problems of solar radiation, study of the 
sun. “Information has been received at Headquarters that Dr. 
Singer’s Minimum Orbital Unmanned Satellite, Earth (MOUSE) 
may find itself eventually attacked by a Celestial Atomic Trajec- 
tile (CAT).”’ Quote from Brit. Interpl. Soc. J., vol. 13, no. 4, 
July 1954, p. 238. 


Smith, Ralph Andrews, and Clarke, Arthur C. 

The exploration of the moon, New York, Harper, 1954, 112 pp., 
illustrated by R. A. Smith, text by Arthur C. Clarke. Especially 
part I: On the frontier of space; and part II: To the moon. 
Every other page is an illustrative drawing; e.g., satellite rockets, 
— carrying rocket in orbit, tankers in orbit, robot 
rockets. 


Stanyukovich, Kiriil 

Trip to the moon—a Russian view, Aviation Week, vol. 61, no. 
9, Aug. 30, 1954, pp. 36-38. This article is a translation of 
one appearing in the Russian semimonthly periodical, Novosti 
(News), issue 11, June 1954. Criticizes use of space station as 
potential war machine; written more as a political than a techni- 
cal article. 


Stehling, Kurt, and Missert, R. M. 

High altitude launching of a small orbital vehicle, American 
Rocket Society Paper no. 187-54. Presented at the Ninth 
Annual Meeting of the AMerIcAN Rocket Socrety, New York, 
N. Y., Nov. 30-Dec. 3, 1954, 18 pp. It is shown that launching of 
a rocket from a balloon offers an advantage in missile weight and 
cost, particularly for high acceleration rate vehicles, through the 
reduction of aerodynamic drag. 
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Sutton, George P. 

Evaluation of Russian rocket developments, Brit. Interpl. Soc. 
J., vol. 13, no. 5, Sept. 1954, pp. 262-268. Comments on implica- 
tions of a Russian satellite rocket program. 


Thomas, L. H. 

The vulnerability of satellite vehicles to countermeasures, Jer 
PROPULSION, vol. 24, no. 5, Sept.-Oct. 1954, pp. 321-322. Vulner- 
ability of a satellite to fine shot traveling in a counter orbit. 


Truax, R. C. 

A national space flight program. Paper presented at the Third 
Symposium on Space Travel, American Museum-Hayden Plane- 
tarium, New York N. Y., May 4, 1954, 5 pp. Potential uses 
of an artificial satellite and justification for its cost. 


Wexler, Harry 

Observing the weather from a satellite vehicle, Brit. Interpl. 
Soc. J., vol. 13, no. 5, Sept. 1954, pp. 269-276. Discusses sa tel- 
lite’s value as a weather patrol for short-range forecasting, «ind 
as a collector of basic research information for solar and geophvsi- 
cal studies. Also presented at the Third Symposium on Sp:ce 
Travel, American Museum-Hayden Planetarium, New York, 
N. Y., May 4, 1954. 


Whipple, Fred L. (see also Braun, Wernher von, et al.) 

Why conquer space? Astronautics, vol. 1, no. 1, Fall 1954, p. 7. 
Author cites four reasons to see man in space, including astro- 
nomical gains from observations from a space station. 


1955 


Aero Digest 

Roundtable conference on the Vanguard satellite (Washington, 
D. C., Oct. 31; edited and condensed), vol. 71, no. 6, Dec. 1955, 
pp. 28-30. 


Aeroplane (London) 

A satellite for the stars and stripes? vol. 88, no. 2287, May 20, 
1955, p. 657. In this article, initialed A.V.C. (A. V. Cleaver? ), a 
press release issued by the London office of Popular Mechanics 
Magazine, May 1955, which asks if the U.S. has already launched 
a satellite, is judged to be premature. A.V.C. also cites two 
reasons for initiating the satellite program as implied by Great 
Britain’s E. Crankshaw and Russia’s A. G. Karpenko. 


Aviation Week 

Larger satellites predicted soon for government’s I.G.Y. pro- 
posal, vol. 63, no. 7, August 15, 1955, pp. 23-27. Outlines the 
uses of the satellite in contrast to the use of the satelloid. 

Missile engineering: Russian approves U. S. satellite but says 
he can build better one, vol. 63, no. 18, Oct. 31, 1955, p. 33. 
Translation of quotations in the Moscow journal Novosti by 
Kirill Stanyukovich of the USSR Academy of Sciences Commis- 
sion on Interplanetary Communication. 

Satellite only in planning stage; aircraft industry not con- 
sulted, vol. 63, no. 6, Aug. 8, 1955, p. 14. Brief discussion of 
satellite announcement made by the National Science Founda- 
tion. 

Soviet satellite progress hinted, vol. 63, no. 6, Aug. 8, 1955, 
pp. 14-15. A review of an article by N. Varvarov, Chairman of 
the Astronautics Section of the USSR’s Central Aviation Club, in 
the Soviet publication Soviet Fleet (Spring 1955?) in regard to 
their artificial satellite program. 


Baker, Norman L. see Zaehringer, Alfred J. 


Bangs, Scholer 

Space flight is possible (But who’l pay for it?), Interavia, vol. 
10, no. 7, July 1955, pp. 497-501. The author reviews ‘The 
Man in Space,” a movie by Walt Disney, whose science con- 
sultants were W. Ley, H. Haber, and W. von Braun. 


Bollay, Eugene 

Comments concerning meteorological interests in an orbiting 
unmanned space vehicle. Appendix D of: On the utility of an 
artificial unmanned earth satellite, Jer Propuuston, vol. 25, 
no. 2, Feb. 1955, p. 75. 

Boni, A. 

Artificial satellite, unification and mechanics (sidar-mechan- 
ics), Astronautica Acta, vol. 1, no. 3, 1955, pp. 120-136. 
Paper presented at the Fifth International Astronautical Con- 
gress, Innsbruck, Austria, Aug. 5-7, 1954, but not published in 
the proceedings. Discusses problems concerned with the arti- 
ficial satellite. 
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Bowen, Ira S. 

Astronomical observations from a satellite. Appendix A of: 
On the utility of an artificial unmanned earth satellite, Jer 
PROPULSION, vol. 25, no. 2, Feb. 1955, p. 72. 


British Interplanetary Society Journal 

Editorial: The artificial satellite, vol. 14, no. 6, Nov.-Dec. 
1955, pp. 297-299. Review of the announcement in July concern- 
ing White House approval for launching an earth satellite; 
review of the value of an artificial satellite. 

Notes and news, vol. 14, no. 1, Jan.-Feb. 1955. p. 52. ‘The 
Adelaide Advertiser of June 19, 1954 quoted Dr. (D. F.) Martyn 
as having said that the instrumented earth satellite vehicle will 
be a natural sequence of rocket research at Woomera.”’ 

Notes and news, vol. 14, no. 2, Mar.-Apr. 1955, pp. 100-101. 
“During the latter half of 1954 five separate news stories of Rus- 
sian origin came forth concerning Soviet activities in field of as- 
tronauties and rocketry. ... According to the Soviet Literary 
Gazette the possibility of creating an artificial satellite of the 
earth) would be discussed by the Central Air Club of the Soviet 
Union. In July, reports appeared in many newspapers of a pre- 
diction by Mr. V. Dobronravov in prominent Moscow journals, 
that an artificial satellite would be established by 1975 and a cir- 
cumuavigation of the moon would take place by 1990.”’ 


Burgess, Eric 

Astronautics in Copenhagen, Flight, vol. 68, no. 2430, Aug. 19, 
1955, pp. 270-271. Review of papers at Sixth International As- 
tronautical Congress, Copenhagen, Denmark, 1955. 

Frontier to space, London, Chapman and Hall Ltd., 1955, 
174 pp. Especially chap. 8, Beyond the exosphere, pp. 138- 
162. Deals with problems of the unmanned space station, of 
probing deep into space with unmanned rockets that will be ca- 
pable of radio-telemetering information. 


Business Week 

Science: The biggest dreams yet, no. 1353, Aug. 6, 1955, pp. 
31-32. U.S. plan for launching satellite expected to provide 
rich yield of research data and to help promote peace. 


Canney, Heyward E., Jr., and Ordway, Frederick, III 

Satellite vehicle for communication and navigation, Aero 
Digest, vol. 71, no. 6, Dec. 1955, pp. 40-46. “The problem of 
ground-to-satellite communications depends on characteristics of 
satellites, their orbits, radio frequencies used, and noise condi- 
tions.”’ 


Cocca, A. A. 

Die rechtliche Natur des Weltraums. Paper presented at the 
Fifth International Astronautical Congress, Innsbruck, Aug. 
5-7, 1954, Vienna, Springer, 1955, pp. 283-290. Many citations 
on limited sovereignty of the sky, freedom of space, general state 
property, and simultaneous claims of sovereignty in space, the 
latter section by the Argentinian Carlos Alberto Pasini Costadoat. 


Cross, C. A. 


ixtra-terrestrial observatories—their purpose and _ location, 


British Interpl. Soc. J., vol. 14, no. 3, May-June 1955, pp. 137 
143. Disadvantages of observing from earth’s surface. Obser- 
vations outside the atmosphere, immediate prospects; future 
possibilities. Structure of extra-terrestrial observatories. 


Durbin, Kenneth 
A new design for the space station, J. of Space Flight, vol. 7, 
no. 1, Jan. 1955, pp. 1-6. 


Ehricke, Krafft A. 

Analysis of orbital systems. Paper presented at the Fifth In- 
ternational Astronautical Congress, Innsbruck, Austria, Aug. 5-7, 
1954, Vienna, Springer, 1955, pp. 18-58. An analysis of orbital 
systems, consisting of the orbital establishment, its supply vehi- 
cles and technique of operation. 

ingineering problems of manned space flight, /nteravia, vol. 
10, no. 7, July 1955, pp. 506-511. Considers flight into space 
and the rocket’s descent to earth, establishment in space, op- 
eration in space, and trip to other celestial bodies. 

On the descent of winged orbital vehicles, Astronautica Acta, 
vol. 1, no. 3, July 1955, pp. 137-155. 

The satelloid, American Rocket Society paper no. 235-55. 
Presented at the ARS Fall Meeting, Sept. 18-21, 1955, Los 
Angeles, Calif. A theoretical analysis of a powered, orbiting 
vehicle, which is designated as “‘satelloid’”’ in distinction from the 
(nonpowered) satellite. Operational altitude, uses, operational 
conditions. 


May 1956 


Electronics 

Electronics aids space station, vol. 28, no. 9, Sept. 1955, pp. 
7-8. A brief discussion of the satellite and some ideas on pro- 
posed instrumentation. 


Forbes, George F. 

Powered orbits in space, British Interpl. Soc. J., vol. 14, no. 2, 
Mar.-Apr. 1955, pp. 85-87. Space flight with low thrust units 
not satellites. 


Fraenkel, S. J. 

Out of this world; engineering problems of space travel, Mid- 
west Engineer, vol. 8, no. 1, June 1955, pp. 3-4, 11-14. Dis- 
cusses the engineering problems of space travel. 


Gartmann, Heinz 

Traumer, Forscher, Konstrukeure: das Abenteuer der Welt- 
raumfahrt, Diisseldorf, Econ-Verlag, 1955, 328 pp. Biographies 
of H. Ganswindt, Tsiolkovskii, Goddard, Oberth, Sanger, von 
Braun, and others. 


*Haley, Andrew G. 
Basic aspects of space law: (1) the unmanned earth satellite, 
American Rocket Society Paper no. 277-55. 


Haviland, R. P. 

On applications of the satellite vehicle, Jer PROPULSION, pages 
360-363 in this issue (May 1956). Potential usefulness of satel- 
lite can be divided into following groups: mapping and geodesy, 
communications, weather charting and forecasting, research and 
development of space flight. 


Interavia 

Space ships, satellites. .., vol. 10, no. 7, July 1955, pp. 497-515. 
Under this general title appear articles by Bangs, Singer, and 
Ehricke dealing with artificial satellites, q.v. 


*Jensen, J. 
Satellite ascent mechanics, Jer PROPULSION, page 359 in this 
issue (May 1956). 


Jet Propulsion 

On the utility of an artificial unmanned earth satellite, vol. 
25, no. 2, Feb. 1955, pp. 71-78. A proposal to the National Science 
Foundation prepared by the ARS Space Flight Committee rec- 
ommending that the Foundation sponsor a study of the utility of 
an artificial unmanned satellite. There are five appendixes by 
Bowen, Schaefer, Newell, Bollay, O’ Keefe, and Pierce, q.v. 


Kaeppeler, H. J., and Kiibler, M. E. 

Die Riickkehr von gefliigelten Geriten von Aussenstations- 
bahnen. Paper presented at the Fifth International Astro- 
nautical Congress, Innsbruck, Aug. 5-7, 1954, Vienna, Springer, 
1955, pp. 120-149. Solution of the equations for the return of a 
winged vehicle to the earth from an orbit around the earth. 


Kaplan, Joseph H. 

IGY has big plans for ‘‘LPR,’’ Jer Proputston, vol. 25, no. 
12, Dec. 1955, pp. 724-732 (ARS News). Major address given 
by Dr. Kaplan before the 25th Anniversary Honors Night Din- 
ner. Dr. Kaplan said that hundreds of research vehicles will be 
launched from locations ranging from the Arctic to the Antarctic. 
Ten LRP’s would be fired, with the hope that at least five of them 
might establish themselves in orbits at 200-800 mile altitudes. 


Kaplan, Joseph H., and Odishaw, Hugh 

Satellite program, Science, vol. 122, no. 3178, Nov. 25, 1955, 
pp. 1003-1005. Early steps in the development of the satellite 
program, measurements to be made, personnel of the program, 
and other background information. 


Ketchum, Harold B. 

Orbit lifetimes of U.S. artificial satellites, J. of Space Flight, vol. 
7, no. 8, Oct. 1955, pp. 1-5. The problem of estimating an orbit 
lifetime for an object placed in an essentially circular orbit of 
given initial altitude above the surface of the earth. Table of 
altitudes and lifetime of orbits. 


Klass, Philip J. 

Solar energy could drive spaceship’s electrostatic powerplant, 
I.R.E. hears, Aviation Week, vol. 62, no. 17, April 25, 1955, pp. 
76-82. Discussion of I.R.E. Symposium on Space Station 
Problems, including Stuhlinger’s electrostatic power plant, John 
R. Pierce’s space station microwave mirror 22,000 miles high, 
and Singer’s MOUSE. 


Kubler, M. E., see Kaeppeler, H. J. 
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*LaGow, Herman E. 
Instrumenting unmanned satellites, American Rocket Society 
Paper no. 281-55. 


Langton, N. H. 

The thermal dissipation of meteorites by bumper screens. 
Paper presented at the Fifth International Astronautical Con- 
gress, Innsbruck, Aug. 5-7, 1954, Vienna, Springer, 1955, pp. 
72-80. A theoretical investigation of protecting an artificial 
satellite from the effects of colliding meteorites. 


Lawden, Derek F. 

Dynamic problems of interplanetary flight, Aeronautical 
Quarterly, vol. 6, part 3, Aug. 1955, pp. 165-180. Discussion of 
the problem of transferring a rocket between two terminals in 
space. 

Optimum launching of a rocket into an orbit about the earth. 
Paper presented at the Sixth IAF Congress, Copenhagen, Aug. 5, 
1955. Paper Astronautica Acta, vol. 1, no. 4, 1955, pp. 185-190. 
Describes a method for calculating the rocket trajectory of least 
fuel from the Jaunching tower to a circular orbit. 


Levitt, I. M. 

Geodetic values of a minimum satellite vehicle. Paper pre- 
sented at the Fifth International Astronautical Congress, Inns- 
bruck, Aug. 5-7, 1954, Vienna, Springer, 1955, pp. 255-261. 
Also in Astronautics, vol. 2, no. 1, Spring 1955, pp. 1-6, 13. Dis- 
cusses the uses of the satellite for triangulation; to determine the 
gravitational constant, and to determine the figure, especially 
oblateness, of the earth. 


Lukens, L. A. 

This age of miracles, Magazine of Wall Street, vol. 96, Sept. 
3, 1955, pp. 684-687. Industrial benefits to be derived from an 
artificial satellite development program, e.g., development of 
new fuels and metals. 


Moore, Patrick 
Earth satellite; the new satellite projects explained, London, 
Eyre and Spottiswoode, 1955, 128 pp. 


Miller, Wolfgang D. 

Du wirst die Erde sehn als Stern; Probleme der Weltraum- 
fahrt, Stuttgart, Deutsche Verlags-Anstalt, 1955, especially 
chapters 3, 4. 


Newell, Homer E., Jr., and De Vore, Charles 

Man-made satellite; new tool for scientific research, Signal 
(journal of the Armed Forces Communications and Electronics 
Association), vol. 10, no. 2, Nov.-Dec. 1955, pp. 17-19, 90. 
Value of an uninstrumented satellite, the instrumented satellite 
as a radio-relay station, and the comparative value of a satellite 
and a rocket as data collecting devices. 


Newell, Homer E., Jr. 

Satellite project, Scientific American, vol. 193, Dec. 1955, 
pp. 29-33. 

The satellite vehicle and physics of the earth’s upper atmos- 
phere. Appendix C of: On the utility of an artificial unmanned 
earth satellite, Jer PRopuusion, vol. 25, no. 2, Feb. 1955, pp. 
73-75. 

Scientific uses of an artificial earth satellite, Jer PROPULSION, 
vol. 25, no. 12, Dec. 1955, pp. 712-713. A pictorial outline which 
reviews near-term possibilities of the satellite in the fields of geo- 
physics and astrophysics. This paper is excerpted from a talk by 
Dr. Newell at the Background Conference on The Development 
of an Earth Satellite Vehicle, Aug. 16, 1955, at the American 
Museum-Hayden Planetarium, New York, N. Y. 


Odishaw, Hugh, see Kaplan, Joseph H. 


O’Keefe, John 

The geodetic significance of an artificial satellite. Appendix 
E of: On the utility of an artificial unmanned satellite, Jer 
PROPULSION, vol. 25, no. 2, Feb. 1955, p. 75. 


Ordway, Frederick, III, and Canney, Heyward E., Jr. 

Astronautics in the United States, Part I, Astronautics, vol. 2, 
no. 1, Spring 1955, pp. 9-13. Based on a paper presented at the 
Fifth International Astronautical Congress, Innsbruck, Austria, 
Aug. 1954. An attempt is made to analyze the various programs 
proposed by Cleaver, von Braun, and others, to conquer the 
problems of space flight. 

The respectability of astronautics as reflected by recent de- 
velopments in the United States. Paper presented at the Fifth 
International Astronautical Congress, Innsbruck, Aug. 5-7, 1954, 
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Vienna, Springer, 1955, pp. 226-247. Traces the activities of 
various scientific disciplines toward the space flight goal, as ex- 
pressed by Cleaver, von Braun, Stehling, Armstrong, and others, 


Partel, G. A. 

IAF: Utopia or reality? Paper presented at the Fifth Inter- 
national Astronautical Congress, Innsbruck, Aug. 5-7, 1954, 
Vienna, Springer, 1955, pp. 248-254. The author, as a first 
practical step toward the conquest of space, proposes to organize 
the broadcasting and telecasting companies to build a small 
space station designed exclusively for broadcasting and tele- 
casting. 


Petersen, Norman V. 

The conquest of space, Sperryscope, vol. 13, no. 10, third 
quarter 1955, pp. 14-17. Describes MOUSE project and uses of 
satellites with illustrations and diagrams. 


General characteristics of satellite vehicles, Astronautics, vol. 
2, no. 2, 3, Summer and Fall 1955. 


Lifetimes of satellites in near-circular and elliptic orbits, 
Jet PROPULSION, pp. 341-351 this issue (May 1956). 


Pierce, John R. 

Orbital radio relays, JET Propuusion, vol. 25, no. 4, Aoril 
1955, pp. 153-157. Summary also in JET PROPULSION, vol. 
25, no. 2, Feb. 1955, pp. 76-78. 


Porter, J. G. 

Some problems in space travel, J. Inst. Navigation, vol. 8, no. 
3, July 1955, pp. 224-230; discussion, pp. 230-235. Orbital 
techniques of rockets and space stations involved in a trip to the 
moon and other planets. 


Proell, Wayne 
Problems of space debris with the satellite station, J. of Spuce 
Flight, vol. 7, no. 10, Dee. 1955, pp. 1-4. “. . . four sources of 


space debris seem important enough to warrant consideration. 
The following discussion is directed at calculating the matiie- 
matical probability of impact with such debris, which will permit 
us to decide whether reasonable, none, or extreme care should be 
taken to keep space around earth clear of debris.”’ 


Romick, Darrell C. 

Preliminary engineering study of a satellite station concept 
affording immediate service with simultaneous steady evolution 
and growth, ARS Paper no. 274-55. Presented at the ARS 25th 
Anniversary Annual Meeting, Chicagv, Ill., Nov. 1955, 17 pp. 
Sequel to 1954 paper (q.v.) ‘Preliminary design study of a three- 
stage satellite ferry rocket vehicle with piloted recoverable 
stages.’ Utilizes final stage of ferry rocket as building block for 
station, which eventually becomes a residential wheel mounted at 
the end of a large gravity-free section. Cost data included. 


Rosen, Milton W. 

Influence of space flight on engineering and science, Enginecr- 
ing (London), vol. 180, no. 4677, Sept. 16, 1955, pp. 371-373. 
Paper read before Section G of the British Association at Bristol 
on Sept. 1, 1955. After reviewing the growth of rockets as such, 
the author cites two main problems to be solved before the first 
manned satellite is launched: 1. Time problems of propulsion, 
staging and navigational control. 2. Safe return to earth of the 
satellite. 

Twenty-five years of progress toward space flight, Jer Pro- 
PULSION, vol. 25, no. 11, Nov. 1955 pp. 623-626. Review of ad- 
vances made in space flight, including a brief discussion on the 
earth satellite. 

The Viking rocket story, New York, Harper, 1955, 242 pp. 
Chap. 1: Now this rocket, p. 5. Chap. 14: Postlude, pp. 
234-235. Mentions satellite as tool for measuring the earth, 
weather forecasting, relay station, ete. 


Schaefer, Hermann J. 

Biological experimentation with an unmanned temporary 
satellite. Appendix B of: On the utility of an artificial un- 
manned earth satellite, Jer PRoputsion, vol. 25, no. 2, Feb. 
1955, pp. 72-73. 


Science 

News of science, earth satellite, vol. 122, no. 3164, Aug. 19, 
1955, p. 322. A brief announcement on the plans for construct- 
ing an earth satellite, and its uses. 


JET PROPULSION 


( 
§ 
; 1 
5 
2 
t 
i 
I 
: 1 
a 
g 
v4 
1! 
tt 
S 
ie: 
as 
: lit 
Te 
ve 
vo 
| in 
64 
bei 
So 
lite 
Za: 
Fit 
Au 
pre 
‘ gat 
me 
= 


Shepherd, L. R. 
Basic principles of astronautics, British Interpl. Soc. J., vol. 14, 


no. 1, Jan-Feb. 1955, pp. 37-45. Discusses the satellite vehicle. 
Singer, S. Fred 

*Applications and design characteristics of minimum satellites, 
American Rocket Society Paper no. 278-55. 


The MOUSE project, Interavia, vol. 10, no. 7, July 1955, pp. 
502-504. Discusses the purpose of satellite observations, how 
these observations are performed, what results are obtained, and 
how ure they applied. 

Obits and lifetimes of minimum satellite, JET PROPULSION, 
vol. 25, no. 1, Jan. 1955, p. 55 (Summary of ARS Annual Meet- 
ing Technical Session). Brief note on life and value of minimum 
sate! lite. 

Studies of a minimum orbital unmanned satellite of the earth 
MOUSE, ARS Preprint no. 195-55, presented at the ARS 25th 
Anniversary Spring Meeting, Baltimore, Md., April 1955, 21 pp. 
Also presented at the Third Space Flight Symposium, American 
Museum-Hayden Planetarium, New York, N. Y., May 1954. 
Also see version entitled: The MOUSE—A minimum orbital 
unmanned satellite of the earth for astrophysical research, 
Astronautics, vol. 2, no. 3, Fall 1955, pp. 91-97. Also published in 
Astronautica Acta, vol. 1, no. 4, 1955, pp. 171-184. Proposes use of 
the MOUSE for observing solar ultraviolet and x-radiations, for 
determining the cause of magnetic storms and aurorae with more 
certainty, measuring the earth’s albedo, for studying the iono- 
sphere, upper atmosphere densities, winds, temperature, and 
turbulence. 


Stehling, Kurt R. 

Balloon-launching an earth satellite rocket, Aviation Age, vol. 
24, no. 1, July 1955, pp. 16-25. ‘Here is a proposal for a prac- 
tical rocket vehicle.’’ Specifications, designers’ problems, boost- 
ers, stages, electrical power, and advantages are discussed. 


The recovery of a satellite vehicle, American Rocket Society 
Paper no. 280-55. 


Space flight notes, Astronautics, Jer PRopuLsion, vol. 25, no. 
11, Nov. 1955, pp. 650-665. The author reviews Townsend’s 
article ‘Electric aids for a space station,’’ the IGY satellite pro- 
gram, and Oberth’s ‘“‘Method of achieving space flight’? (Wege 
zur Raumschiffahrt). 


Space flight notes, Jer Proputsion, vol. 25, no. 9, Part 1, Sept. 
1955, pp. 475-478. Considers historical developments, space 
travel, large and small earth satellites. 


Space flight notes, Jet PROPULSION, vol. 25, no. 10, Oct. 1955, 
p. 551. Discussion of the progress of the Earth Satellite Vehicle 
(ESV) program. 


Strughold, Hubertus 
The medical problems involved in orbital space flight, Amer- 
ican Rocket Society Paper no. 242-55. 


*Stuhlinger, Ernst 
Control and power supply problems for the unmanned satel- 
lite, Jer PRoPpULSION, pages 364-368 in this issue (May 1956). 


Tombaugh, Clyde W. 

Proposed geodetic triangulation from an unmanned orbital 
vehicle by means of satellite search technique, JET PROPULSION, 
vol. 25, no. 5, May 1955, pp. 232-233. On the strategy of locat- 
ing a satellite. 


Zaehringer, Alfred J., and Norman L. Baker 

Satellites, Jer Propunsion, vol. 25, no. 11, Nov. 1955, pp. 
647-648 (Jet Propulsion News). Statement announcing the work 
being done by various companies in building the satellite. A 
Soviet announcement predicts that the USSR will have a satel- 
lite much earlier than 1957. 


Zaehringer, Alfred J. 

Solid propellants and astronautics. Paper presented at the 
Fifth International Astronautical Congress, Innsbruck, Austria, 
Aug. 5-7, 1954, Vienna, Springer, 1955, pp. 13-17. Use of solid 
propellants for high altitude rockets, as boosters for space aggre- 
gates, and assorted space applications, including the moving of 
men and equipment during the construction of a space station. 
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Wanted: 2 SENIOR 
Mechanical Engineers 


FOR WORK IN 


Nuclear Power Group 


INTERESTING, ADVANCED WORK 
EXCELLENT LIVING CONDITIONS 


These are exceptional opportunities for men with an 
M.S. or Ph.D. in Mechanical Engineering. Some 
experience or training in reactor work is desirable 
but not essential. 


OPENING “A” 


Responsibility for engi- 
neering design and anal- 
ysis; work primarily 
theoretical but requires 
good practical back- 
ground. 


OPENING 


Responsibility for heat 
transfer work and de- 
sign; work largely theo- 
retical but requires 
sound practical ap- 
proach. 


Excellent salaries; stimulating atmosphere; progres- 
sive policies; wonderful New England living; fine 
schools. 


Please write today to William Robba, 
Nuclear Power Group, Research 
Division. 


Raytheon Manufacturing Co. 


Waltham 54, Massachusetts 


Excellence in Electronics 


RAM 
TEMPERATURE 


SENSOR 


jet engines designed 
supersonic flight 
Type 


The Type 155F6 Ram Temperature Sensor-Transmitter 
directly provides large motive power for re-setting gov- 
ernors and other control members. It uses fuel, air or 
other medium to supply a control pressure accurately 
proportional to ram intake temperatures which may 
range from minus 100° F. to plus 650° F. 


The design consists of a gas filled sensing bulb whose 
pressure bears on a diaphragm. Force balance of control 
pressure against bulb pressure is achieved by a ball- 
valve of high gain. For greater accuracy, the supply 
pressure is pre-regulated. 

Any pressure transducer or actuator can be used as an 
output device and located remotely. Temperature vari- 
ations along the connecting tube or at the output do not 
affect the accuracy. The time response is 1.5 seconds for 
an air flow of 35 lbs./ sq. ft./ sec. 


Write for complete details on the 
Ram Temperature Sensor-Transmitter 
and its adaptability to your specific problem. 


5 MANNING, MAXWELL & MOORE, INC. 

te AIRCRAFT PRODUCTS DIVISION, Danbury, Conn 

Products include: Turbojet Engine Temperature 

Control Amplifiers * Electronic Pressure 
Switches for Rockets, Jet Engine and Airframe Applications * Pressure Gauges 
Thermocouples * Hydraulic Valves * Jet Engine Afterburner Control Systems 
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project a proud past 
into a new realm of 


ENGINEERING OPPORTUNITY 
FOR YOU! 


missites SVSTE 


Drawing on a 50-year history of engineering accomplish- 
ment, Sperry now adds a Missiles Systems Division to its ever- 
expanding organization. 

Firsts,’ of course, are an old story with Sperry engi- 
neers. From the installation of the first gyro-compass aboard a 
Navy warship, back in 1911, toa myriad of electronic wonders 
today, Sperry has been busy marking milestones of progress. 
And Sperry Engineers are eminently qualified to embark on 
their newest project. Their vast experience with missiles and 
associated systems make them intimately acquainted in this 
field. As a matter of record, way back in 1918 Sperry engi- 
neers successfully developed the first radio-controlled ‘‘guided 
missile.’ 

What all this means to engineers in search of a rewarding 
life work should be clear. In Sperry’s new Missiles Systems 
Division, major opportunities are unfolding. Not only can you 
now tap the tremendous potential in the field of missiles and 
pilotless air-borne devices, but you can do so from the well- 
established base of a stable organization. Over 1500 employ- 
ees have been employed by Sperry for more than 15 years. 
And, as Sperry grows, you will grow . . . in professional stature 
and in personal gain. 


TH 


ms pivision 


Consider These Exceptional Openings For Engineers in 
the Following Fields: 


@ Feed Back Control Systems @ Telemetering 

@ Magnetic Amplifier Circuitry @ Aerodynamics 

@ Digital Computers @ Systems Analysis 
@ Radar Systems @ Environmental Test 


@ Reliability 


@ Stable Platforms 


RELOCATION ALLOWANCES - LIBERAL EMPLOYEE BENEFITS 
AMPLE HOUSING in Beautiful Suburban Country Type Area 
TUITION REFUND PROGRAM (9 graduate schools in area of plant) 
MODERN PLANT with Latest Technical Facilities 
ASSOCIATION WITH OUTSTANDING PROFESSIONAL PERSONNEL 


APPLY IN PERSON 
Daily (Including Sat.). Also Wed. Eves. 


OR SUBMIT RESUME 
to Mr. J. W. Dwyer 


Engineering Employment Supervisor 


OR PHONE FOR APPOINTMENT 
Fieldstone 7-3600, Ext. 2605 or 8238 


GYROSCOPE COMPANY 


Division of Sperry Rand Corp. 
GREAT NECK, LONG ISLAND, NEW YORK 
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Jet Propulsion News 


Rockets, Guided Missiles 
PROJECT VANGUARD 


TAGE 1 will resemble the VIKING and will be cylindrical 
without fins. Monocoque construction will be by Martin. 
General Electric will supply a regeneratively cooled rocket en- 
gine of about 27,000-lb thrust. Burning time may be 140 sec. 
The motor uses liquid oxygen as the oxidant while the fuel will 
be a mixture of ethanol, gasoline, and silicone oil. Hydrogen 
peroxide will drive turbopumps for propellant feed. Motor 
will be mounted on gimbals. 


Artist’s conception of the Martin Vanguard research vehicle 
which will place the world’s first man-made satellite in its orbit 
around the earth. In background are the gantry used to place 
the vehicle on its launching stand, and the concrete blockhouse 
from which scientists will fire the rocket and record its course 


THIRD STAGE 
INITIATE 3RD STAGE SPIN THIRD STAGE — BURNOUT & 
SEPARATE 2ND STAGE IGNITION SEPARATION 


OPIUM TRALECTORY 


SATE, 
LITE 


SECOND STAGE 
BURNOUT 


ss / FIRST STAGE BURNOUT TIME IO. MIN. AFTER 
AND SEPARATION AUNCING 


ATIC TRAJECTORY 


Schematic of trajectory of Martin Vanguard research vehicle, 

depicting burnout positions of the three stages of vehicle in its 

flight to place a satellite in its orbital altitude of between 200 and 
400 miles above the earth 


May 1956 


Alfred J. Zaehringer, American Rocket Company, Associate Editor 


Norman L. Baker, Indiana Technical College, Contributor 


Stage 2 will be similar to the AEROBEE. Aerojet-General 
will build this stage, also of evlindrical construction and fin- 
less. This rocket motor also will be gimbal mounted; however 
it will burn nitric acid and unsymmetrical dimethy! hydrazine. 
Propellant feed will be by helium pressure. 

Stage 3 may be a spin-stabilized solid propellant rocket. 
Grand Central and Hercules are the contractors. 

Gross weight of the entire satellite vehicle may be about 
20,000-25,000 Ib. Over-all appearance will be long (50-75 ft) 
and slender (maximum diameter of about 36in.). As yet, con- 
figuration details of the satellite itself have not been made 
known. In all probability it will be a small package weighing 
on the order of about 25 lb. 

BALLISTIC MISSILES 


REDSTONE surface-to-surface ballistic missile now has a 
range of 200-300 miles. The warhead apparently can be 
separated from the missile proper. The powerplant is a liquid 
propellant rocket engine by North American Aviation. The 
missile, developed by Army Ordnance at Redstone Arsenal, 
has been flight tested at Cocoa, Fla. (photo) and is ready for 
production at the Chrysler missile plant at Warren, Mich. 
Meanwhile, Chrysler has received a contract for an inter- 
mediate range ballistic missile (IRBM) with a range of 1000- 
1500 miles. This IRBM is intended for ship launching 
against surface targets. However, models for the Army are 
also reported in this joint Army-Navy project. 


REDSTONE crews burn midnight oil at Patrick AFB, Fla. New 
gantry is of roll-away design 


e@ Another IRBM program is being conducted by Douglas 
Aircraft for USAF. A British program under the aegis of 
Rolls Royce is also reported under way. The English firm is 
slated to use a North American Aviation rocket engine under 
license. 
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@ The Army has announced the activation of the 217th Field 
Artillery Missile Battalion to be equipped with the RED- 
STONE missile. The unit is being formed at Redstone Ar- 
senal. 


@ Reports indicate that the USSR has a 900-mile range ballis- 
tic missile and is very near the testing stage on a 1500-mile 
range IRBM. The Soviet ICBM program is also reported to 
be very active. 


e A new project is said to be under way to develop an anti- 
missile at North American Aviation. Meanwhile the Bell 
Telephone Laboratories has contracts to develop a missile 
which could intercept and destroy an ICBM. 


@ Re-entry of intercontinental missiles to the atmosphere is 
the subject of a new $'/, million project under way at the 
NACA Ames Laboratory, Moffett Field, Calif. 


Convair 


DRILLING .... Convair assemblymen drill reinforcing rings in 
aft guidance section (boat-tail) housing of Navy Terrier. This 
and next photo (‘‘Checkout’’) were taken at the Navy Pomona, 
Calif., guided missile facility. The plant covers 17 acres and has 
over a half million sq ft of floorspace. Included are an analogue 
computer, complete experimental factory, chemical and struc- 
tural test labs. Additional structures include two drop towers 
and two 34-ft centrifuges 


Convair 


CHECKOUT .... Fixture at right simulates vibration and con- 
stitutes a final sectional checkout on the Terrier 
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Production Report 


@ Bluff bodies (having highest drag to weight ratios) may be 
the solution to an ICBM return to the atmosphere at speeds of 
Mach 10-12, according to British scientists. Bluff bodies may 
be cooler than the fine aerodynamic shapes where lamin:r or 
turbulent boundary layer is concerned. Two promising shapes 
are the flat plate and the hemisphere-cylinder (“cannonbi!!”) 
combination. The latter appears to be preferable to ballistic 
(cone-cylinder) shapes because of its relatively low stagnation 
temperature and more efficient payload characteristics. 


CRUISE MISSILES 


Wraps were finally taken away from the SNARK long- 
range cruise missile (photo). The Northrop missile is powered 
by a turbojet engine while launching boost is by rocket. En- 
gine is aft with a long fuselage to provide fuel for intervon- 
tinental range (said to be 5000 miles). Also, tip tanks are 
slated to be attached to the swept wings. 


Martin 


UP AND DOWN .... Viking rockets get assembly checks in 
horizontal (foreground) and vertical (background) positions at 
Baltimore, Md., plant 


Martin 


MATADOR LINE... . USAF TM-61 is shown on the final 
assembly line at the Martin Baltimore, Md., plant 
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With MATADOR, TM-61, missiles rolling off the produc- 
tion lines in large numbers, additional details have been made 
by Martin and the Air Force. The TM-61 can fly faster than 
650 mph and can reach altitudes of over 35,000 ft. The mis- 
sile is powered by an Allison J33-A-37 turbojet engine while 
launching thrust comes from a T50 solid propellant booster. 
Martin started development in 1946 and the first production 
missile rolled off the line in June 1952. The missile is made 
in seven major, completely interchangeable sections. Much 
of the wing and tail is composed of aluminum honeycomb to 
which covering skin is bound by an adhesive material. Speci- 
fications include: length, 39.6 ft; diam, 54 in.; wingspan, 
28.7 it. Present models are already deployed in the shadow of 
the Iron Curtain (photo). New MATADOR models in test at 
Holloman AFB are called the TM-61B and sport a larger nose 
section and a new guidance system. 


Douglas 


BIRD LINE .... Nike comes down this overhead conveyor line 
at Douglas Aircraft, Santa Monica, Calif., production plant. 
Line is mechanized and some stages are automatic 


Hughes 


FALCON NESTED ... . Falcon, GAR-1, guided missiles are 

tested in shipping boxes and on dollies before final acceptance 

by the Air Force. Production of the air-to-air missile is being 
made at Tucson, Ariz., plant of Hughes Aircraft Co. 
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MATADOR on alert 


SURFACE-TO-AIR MISSILES 

TALOS is a ramjet-propelled surface-to-air missile which is 
being produced by Bendix Aviation (prime contractor), Mc- 
Donnell Aircraft (airframe) and Farnsworth Div. of IT&T 
(guidance). The missile has been assigned to both the Air 
Force and Navy, although a land version is being developed 
by RCA. The missile is accelerated by a solid propellant 
booster rocket. Speed of the ramjet isover Mach 2. The mis- 
sile grew out of the 1944 Bumblebee project. In 1945, a static 
test of a 6-in. ramjet was begun by The Johns Hopkins Uni- 
versity Applied Physics Laboratory. In 1946, an 18-in. ram- 
jet was flown. TALOS bears a close resemblance to TER- 
RIER. TALOS will be installed on the light cruiser USS 
Galveston. Other light cruisers will also have TALOS bat- 
teries. 


@ TARTAR missile is being developed by Convair as a re- 
placement for 5-in. naval gun batteries. 

@ The cruisers, USS Boston, Northampton, and possibly the 
Canberra will form the backbone of the Navy’s guided missile 
division. The Boston recently fired TERRIER missiles 
against target planes. Hits were recorded at a range of 6 
miles and an altitude of 15,000 ft. 


@ BOMARC, long-range interceptor missile, is now in the 
“prepare for production” stage. 


@ Since NIKE crews are on a 24-hr alert maintained seven 
days a week, $8 million has been released for permanant 
housing. Funds will be enough for 600 of the 910 units 
authorized. 


AIR-TO-AIR MISSILES 


SIDEWINDER missile, now being produced by Philco, is 
to be produced for the Navy Bureau of Ordnance by General 
Electric. 


@ CROSSBOW missile is being produced by Radioplane, a 
division of Northrop. 


@ Long-range GOOSE missile is being developed by Fairchild 
for USAF. 
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@ DING DONG is a new missile which is under development 
by Douglas Aircraft with guidance by Hughes Aircraft. Nu- 
clear warhead of the missile has been tested in Nevada at 30,- 
000 ft. The missile uses a rocket engine by North American. 
TINGALING is a ballistic spotting version of the DING 
DONG nuclear missile. 


@ Reliability of liquid propellant rocket engines is now near 
100 per cent according to the Air Force. Solid propellant re- 
liability is even higher; since 1945 several thousand RATO’s 
have been fired and only ten failures were reported—one of 
these resulting in a fatality. It is presumed that the state- 
ments apply only to operational units. 


@ X-15 is the designation for the new North American Avia- 
tion rocket plane under development. 


@ The heavy cruiser, USS Macon, has been modified to carry 
and launch the REGULUS missile. Winter training was 
scheduled for the missile cruiser at Guantanamo Bay, Cuba. 


@ FIREBEE missiles will be delivered to the Air Force and 
Navy in a new $4 million contract. 


@ The USAF missile range now is instrumented with 21 radar 
tracking stations. The 1600-mile range extends from Cape 
Canaveral, Fla., to St. Lucia Island. The radar net was an 
expenditure of $10 million with central control at Patrick 
AFB. Reeves Instrument designed and bulit 16 stations on 8 
major islands plus 5 mobile installations. Accuracy of the 
system is claimed to be +0.02 deg in position. 


@ British plants producing missiles soon to enter the produc- 
tion phase are Armstrong-Whitworth, Bristol, de Havilland, 
English Electric, Fairey, and Vickers-Armstrong. RAF per- 
sonnel are being familiarized with the new guided missiles soon 
to become operational. 


@ New British solid propellant research rocket has a diameter 
of 17 in. and is about 25 ft long. Design altitude is 120 miles. 
Developed at the Farnborough Royal Aircraft Establishment, 
the rocket uses a low burning rate grain. 


e@ SPARROW will be manufactured in Canada by A. V. Roe 
(administrative), Canadair (airframe), and Canadian West- 
inghouse (guidance). Powerplant resumably will come from 
the USA. Canada has dropped its VELVET GLOVE project 
in favor of SPARROW. 


e@ FALCON, GAR-1, rockets are now being carried on the 
Scorpion interceptor. The F-89H is now in quantity produc- 
tion and several wings of the Scorpion-FALCON team are al- 
ready in operation. Three GAR-I’s are carried in each wing- 
tip pod. Mighty Mouse rockets will also be carried. 


MISSILE-ANIA 


Missile funds for fiscal year 1956 will be $0.97 billion while 
FY1957 will hit $1.3 billion. About $250 million will go for 
research and development. R&D breakdown is: Air Force, 
$100 million; Army, $75 million; Navy, $75 million. 

@ The Defense Department has approved a $15.31 million ex- 
penditure for a classified project at Holloman AFB, N. Mex. 
Another outlay, $7.877 million, was also recently awarded this 
ARDC base for research, development, and housing. 

@ A combination DEACON and LOKI (both solid propellant 
rockets) was recently fired by the Navy in Arctic tests. 

@ in unmanned tests, the Northrop rocket sled at Edwards 
AFB, Calif., hit a speed of 995 mph. An additional 1500 ft to 
the present track of 3500 ft will allow new sleds to hit 1300 
mph. 

@ On-off solid propellant rocket motors have been reported. 
Technique is to vent combustion gases through an auxiliary 
nozzle. The pressure then drops to a point where combustion 
ceases. 


@ Marcel-Dassault MD-550, delta wing interceptor is 
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powered by a SEPR rocket engine which is expected to push 
the plane to a speed of Mach 1.7. 


@ The West German Army will soon have a rocket arm, 
Ground-to-ground and ground-to-air missiles will be tested, 
The special 600-man unit will be stationed on the North Sea 
coast in Germany. 


@ In 1954 the Research Institute for the Physics of Jet Pro- 
pulsion was formed at the Stuttgart Airport, Germany, 
Founding members are the following groups: R. Bosch, 
GmbH (Stuttgart); Brown, Boveri et Cie AG (Mannheim); 
Daimler-Benz AG (Stuttgart); German Propeller Study So- 
ciety (Stuttgart); Dornier Werke GmbH (Friedrichshafen); 
Society for Space Research (Stuttgart); E. Heinkel AG 
(Stuttgart); and F. Porsche K.G. (Stuttgart). The main line 
of work of the institute is fundamental and applied research in 
the transition range between aeronautics and astronautics. 
Typical fields are: theory of jets and rockets, physics of com- 
bustion, gas radiation, physics of wall effects. Among the 
notable scientists in the group is Eugen Saenger. 


Liquid Propellant Progress 


EROJET-GENERAL CORP. of Azusa, Calif., investi- 

gated the combustion of WFNA and _ hydrocarbons, 
They found longitudinal stratification of composition and tem- 
perature. The NO/N:2 ratio is a parameter of combustion 
completeness. Injector design was found to have little effect 
on the chemistry of the combustion process. 


e@ Allegany Ballistics Laboratory, Cumberland, Md., sur- 
veyed the combustion of nitrate esters. Methyl nitrate was 
among them. It was concluded that the combustion zone is 
about 1 magnitude thinner than hydrocarbon flames. 


e@ Armour Research Foundation, Chicago, IIl., has produced 
100 per cent liquid ozone (LOZ). Process consists of purifying 
oxygen (OX). Organic impurities must be kept below 20 
ppm for stable LOZ. Process feeds very pure OX into ozone 
(OZ) generator. Mixture of OZ (1-6 per cent) and uncon- 
verted OX are refrigerated; OZ results at —111.9 C at 1 
atm. Using spark initiation, OX-OZ (38 per cent vol OZ) 
mixtures detonate with 0.00001 cal ignition energy producing 
decomposition waves of 24,000 cm/sec. Velocities of 215,000 
cm/sec have been noted in violent detonations. 


@ Becco Chemical Division, Buffalo, N. Y., reports that it is 
now prepared to make hydrogen peroxide in concentrations 
between 90-100 per cent. Using fractional crystallization the 
process allows reagent grade purity. The company has been 
producing 90 per cent peroxide for 10 years. 


@ General Electric Co., Schenectady, N. Y., found that silicon 
tetrafluoride reacts with hydrogen at over 2000 C with the 
formation of fluosilanes and hydrogen fluoride. Reactions 
were carried out by heated filaments or electric ares. 


@ Rohm & Haas, Redstone Arsenal Research Division, Hunts- 
ville, Ala., studied the decomposition of nitroethane, 1-nitro- 
propane, and 2-nitropropane. Decompositions were all first 
order. Activation energies ranged from 39 to 47 kcal/mole. 


e@ Linde Air Products Co., Tonawanda, N. Y., also was con- 
cerned with ozone. They concluded that even the highest 
purity OZ occasionally detonates and no positive way of pre- 
venting detonations has yet been found. It is also felt that 
much work will have to be done on liquefying, concentrating, 
and handling OZ before it can be safely handled and used to 
propel large rockets. 


@ Purdue University, Lafayette, Ind., used RFNA and 
WFNA to study heat transfer of these materials in regenera- 
tively cooled rockets. Heat flux (B/sec sq in.) ranged from 
0.86-5.13 for WFNA and 0.34-1.88 for RFNA. Inlet pres- 
sure of WFNA had no effect on heat transfer. Scale forma- 
tion was serious in longer runs. 
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Mogazine 
diameter 


409D6 2.312” 
2.312" 
40909 3.125" 
409D12 3.125" 
4090280 | 3.125” 
408E2100 | 3.500” 


ith so little roll diameter 
in the new Kodak 
Linagraph 1344 Paper 


How much footage of Kodak Linagraph 1344 
Paper you can get into the oscillograph you’re 
using is shown in the table at the left. Take a 


Consolideted 


5-118 
X5-121 2.125" 
5-116 | 3,500" 
3.280" 
5-114 3.4375" 
5-114 5.500" 
5-119 5.500" 
$-119 5.1875" 
5-114 7.800" 


1.9375" | 


look. You won’t find a paper that gives you 
more. It’s strong stock, too, with no splices in 
any roll less than 1,000 feet long. 

High speed? You can run Linagraph 1344 
Paper at variable speeds up to 115 in./sec. 


with spot velocities up to 2,500 in./sec. and 


the traces will be easily readable. 
Your data reduction people will like this 


12 


PM-20 


3.500” 


10” 


SIS-A 
$12-A 
S14-A 


3.000” 
3.375” 
3.375" 


40} 
300 


700C 


708 
712 


3.0625" 
3.0625” 
4.0625” 
4.0625" 
4.0625" 


Midwestern 


Miller 


560 2.250" 
580, 581 2.9375" 
3590 3.500” 
544 4.3125” 
546 4.3125" 
570 4.3125" 
591 . 4750" 
M-6 3.250” 
M-12 3.250” 
4.250" 
H 4.250" 


4.250" 


paper. It’s still a clean white after stabilization 


processing—none of the brownish-pink stain 
you expect in a high-speed paper. And, it 
makes good, sharp duplicates on diazo-type 
equipment. 

If you like the thin base of Linagraph 1344 
Paper but don’t want the extreme sensitivity, 
we also make Kodak Linagraph 483 Paper with 
the same base for paper speeds of around 10 
to 30 in./sec. Gives you beautiful black traces 
even when processed at temperatures up to 
120 F. See your Kodak Industrial dealer, or 
write for a folder giving more details. 


EASTMAN KODAK COMPANY 
Rochester 4, N.Y. 
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Space Flight Notes 


Recovery of a Satellite Vehicle’ 


T has been widely assumed, in unclassified discussions on 

the lifetime and orbit of a small satellite vehicle, that this 
vehicle would have a limited lifetime in the orbit and would 
terminate its brief career in a meteorlike disintegration or 
vaporization on re-entry in the atmosphere. 

Even a casual examination of the re-entry problem shows 
that the aerodynamic heating suffered by a vehicle in the 
atmosphere traveling at 5 mps would result in a very severe 
temperature rise which would tend to melt or vaporize the 
structure. The authors have discussed this re-entry problem 
based on simple fundamental principles and have shown one 
method of protecting a re-entering vehicle from the expected 
rapid and great temperature rise. 

Meteors are described as typical and fairly well understood 
examples of bodies which enter the atmosphere at very high 
speeds. Many millions of these meteors bombard the earth 
each day at velocities often greater than 20 mps. Most of 
them vaporize or disintegrate in a region from 60 miles to 100 
miles altitude. 

The case of a re-entering satellite is then considered with 
the vehicle plunging into the atmosphere at 4 mps from 100 
miles altitude. Several simplifying assumptions were made 
which were not considered prejudicial to the main thesis of 
re-entry. 

(a) The vehicle, weighing 100 lb, turns suddenly downward 
at 100 miles and 4 mps and enters the atmosphere vertically. 

(b) All the kinetic and potential energies of the vehicle must 
be dissipated by the time the vehicle reaches the earth’s sur- 
face. It is arbitrarily assumed that one half of this energy is 
transferred to the surrounding atmosphere and that one half 
must be absorbed by the vehicle. This assumption on heat 
balance may be reasonable if a laminar boundary layer in the 
viscous flow domain is considered. L. Crocco* has found that 
for a particular value of the ratio between the coefficients of 
heat conduction and viscosity, corresponding to a Prandtl 
number equal to 1, an equal heat balance between the air and 
the re-entering body (in this case) is obtained. This heat 
balance is complete in the sense that the sum of the enthalpy 
and the kinetic energy of the unit mass are constant across the 
boundary layer. 

(c) The rate of heat generation is distributed uniformly 
over the descent path. 

(d) After the vehicle reaches Mach 5 or 1 mps, the stagna- 
tion temperature would be less than 2000 deg F, which is as- 
sumed less than the melting point of the metal shell. There- 
fore, from this point on the vehicle would suffer a cooling 
rather than a heating cycle. 

(e) The aerodynamic forces do not weaken or destroy the 
structure. Also, the protective nosepiece or film will maintain 
its integrity through the descent. 

(f) Most of the heating occurs on the frontal region of the 
vehicle (this assumption is noted only as a matter of interest 
and does not affect the treatment of the problem). 

It is shown that the total energy which is generated by the 
vehicle is equal to the sum of the change of kinetic and po- 
tential energy existing at the initial stage of desent and the 
condition existing at the earth. This sum is 9880 Btu /Ib of 
structure, or 988,000 Btu for the 100-lb vehicle of which one 
half, or 494,000 Btu, must be absorbed. With an assumed 


1 Based on a paper by T. F. Reinhardt, Kurt R. Stehling, and 
Leo Dean, of Bell Aircraft, Naval Research Lab., and Aerojet- 
General, respectively. 

? Crocco, L., ‘Lo strato limite laminare nei gas,’’ Monografie 
Scientifiche di Aeronautica no. 3, 1946. 
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Kurt R. Stehling, Naval Research Laboratory, Contributor 


descent time of 40 sec and frontal area of 1 ft squared, the heat 
transfer rate is approximately 12,300 Btu/sec corresponding 
to a heat flux of 86 Btu/sgq. in.-sec. 

The authors suggest that the sublimation of some material, 
such as a refractory, might absorb this high rate of heat input. 
Beryllia (BeO) is the substance selected; its sublimation ab- 
sorbs 10,600 Btu/Ib at a temperature of 4500 deg F.  There- 
fore, for the vehicle considered, a nose cone of 46.5 lb of beryllia 
would suffice to absorb the energy of re-entry. The low ther- 
mal conductivity of the beryllia results in a temperature rise 
of only 1000 deg F at the metal-ceramic interface in 40 see, 
with a '/;-in. thick layer of ceramic. 

The lifetime of an atmosphere re-entering satellite is surely 
not an academic consideration but is of very real importance to 
the scientist who is concerned with either the complete de- 
struction of the vehicle lest it fall into an inhabited area or, 
alternately, with its deliberate recovery, intact, for recovery of 
recorded data. 

The authors have assumed the latter premise; however, 
they have dealt with the problem in its most elementary form. 
Such factors as the nature of the gaseous environment (i.e., 
whether discrete particle, slip, or free stream flow are extant) 
and radiations from the vehicle have not been considered. 
Whether the latter process and the transmission of wave en- 
ergy to the atmosphere can account for one half of the gen- 
erated energy is not proved. 

The 40-see vertical descent path is also a very drastic re- 
entry condition. It is much more likely that the vehicle will 
re-enter in a long spiral. If its transit time to earth took, say, 
400 sec, then the heat flux would be reduced to an average of 
8.6 Btu/sq in.-see—a value not uncommon for rocket cham- 
bers or high temperature electric arc furnaces. 

The structural stability under severe aerodynamic loads of 
a resistive coating or indeed of the vehicle itself cannot be 
lightly glossed over as was done by the authors. For in- 
stance, if a plastic or ceramic film were used, the former could 
slough off as fast as a liquid film were formed, while the latter 
could crack or crumble under the severe bending loads caused 
by the aerodynamic forces. 

However, the paper has shown that the heat energy gen- 
erated by a satellite plunging through the atmosphere can be 
absorbed by some type of coating—here, a ceramic. Other 
materials could be used; in fact, the supporting nonpayload 
structure of a satellite could serve such a function. 


Facts on Vanguard 


1. The vehicle will be launched from Patrick Air Force 
Base, Cocoa, Fla. 

2. In cooperation with the U. 8. National Committee for 
the IGY, the Defense Department part of the project is 
shared by the three military services under Navy management. 

3. The vehicle consists of three stages: (a) Stage |— 
Powered by a General Electric turbopump rocket engine of 
27,000-lb minimum thrust, burning liquid oxygen and a mix- 
ture of gasoline, silicone oil, and ethyl alcohol, for about 140 
sec. (b) Stage 2— The Aerojet-General Corporation, 
Azusa, Calif., is building the pressure-fed rocket thrust cham- 
ber, which burns fuming nitric acid and unsymmetrical di- 
methyl hydrazine. (c) Stage 3— This stage consists of a 
solid propellant rocket which will propel the satellite itself 
into the orbit. 

4. The first stage, Stage I, will separate from Stage II and 
Stage III after having brought the whole vehicle to a velocity 
of 3000-4000 mph, about 40 miles from the launching site. 

The second stage, on burnout, will have attained a velocity 
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of about 11,000 mph, at an altitude of about 130 miles. It 
will then coast on upwards to about 300 miles. 

The third stage will then separate and continue in the orbit, 
with a burnout velocity of 18,000 mph. 

5. The satellite itself will be a sphere, weighing approxi- 


mately 21/2 1b and approximately 20 in. indiam. It will con- 
tain instrumentation for recording various scientific events. 
It will also house a small tracking radio transmitter which will 
permit a Naval Research Laboratory developed tracking sys- 
tem (Minitrack) to locate and follow the satellite—aside from 
any optical observations which may be made. 

6. The launching vehicle will have no fins, but will depend 
on the gimballed rocket engine and auxiliary control jets for 
altitude and directional control. 

7. A series of test vehicles will be fired first in order to 
establish the function and reliability of the components. 

8. The initial angle between the vehicle flight path and the 
equator will be approximately 40 deg. This figure may change 
slightly with succeeding revolutions because of various per- 
turbations on the satellite by the oblate shape of the earth. 


Radio Astronomy 


The detection and measurement of celestial microwave 
sources has proved a powerful supplement to optical as- 
tronomy utilizing visible, ultraviolet, and infrared light. 

The discovery of radio waves of extraterrestrial origin was 
made by Kar! G. Jansky® in 1932 while studying the direction 
of atmospheric static at a wavelength of 14.6 meters.‘ He 
noticed a very steady weak hissing static of unknown origin, 
whose direction of arrival changed gradually, going around 
the compass in about 24 hr. Further study revealed that the 
maximum intensity peaks were recorded when the plane of the 
Milky Way was in the antenna beam. 

In 1946, shortly after World War II and partly as a result 
of the advances in microwave and radar techniques which re- 
sulted from this conflict, research in radio astronomy (the 
name for this new science was then coined) was intensified. 
The British and Australians led the field, although important 
contributions began to be made by American and other 
workers. 

Radio stars have now been found in great numbers, almost 
exclusively at meter wavelengths. (The only exceptions are 
a few at 9.4 centimeters, Fig. 1, and five sources at 25 centi- 
meters wavelength). The reason for this is twofold: (a) The 
intensity of all radio stars which had been measured at several 
frequencies showed a steady decrease in emission with de- 
creasing wavelength; and (b) it is more difficult and expen- 
sive to build antennas of great effective area for shorter 
waves since design tolerances are proportional to wavelength. 
The lack of directivity at long wavelengths was largely over- 
come by interferometric methods of reception. 

The British have built the Jodrell Bank Experimental Sta- 
tion at the University of Manchester. This may be regarded 
as the world’s largest radio telesecope—a paraboloidal steel re- 
flector, 250 ft in diam and 62.5 ft deep at the center. The 
reflector weighs 600 tons. 

Recent news releases state that the U. 8. Congress has been 
approached for funds to build a very large paraboloidal radio 
telescope (140 ft diam) in this country, with a later model to 
follow having a diameter of perhaps 600 ft. These paraboloidal 
reflectors can be moved in azimuth or on a polar axis to follow 
- radio sources, just as an astronomical telescope can, 

ig. 2 

Another type, the “meridian transit” telescope, is planned 
for Ohio State University, paid for by a grant by the National 
Science Foundation, and will operate on wavelengths of 1 
meter or less. This instrument will be the world’s largest; 
however, it will only be able to receive along a North-South 

Bell Telephone Laboratories. 

of the Institute of Radio Engineers," vol.120, 1932, 
p. 
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Fig. 1 The first known radio star—the Crab 
Nebula in Taurus 


This object was the first radio star to be identified with an 
optically known object by the Australians in 1949. Itis the gase- 
ous remains of one of the three supernova seen in our galaxy in 
recent history. The nebula is expanding 1200 km/sec. It is 3300 

light years distant and has been observed at 9.4 centimeters. 


Fig. 2. The Naval Research Laboratory’s para- 
boloidal radio telescope 


This 50-ft-diam f/0.5 reflector is one of the most powerful in- 
struments in the country, with an antenna gain of over a million. 
Its surface is accurate to +'/; in. The disk consists of 30 cast- 
ings weighing 1000 lb each, rigidly bolted together. The yoke 
and Naval gun mount and the disk weigh over 50 tons. At 3 cm 
wavelength it has a beam width of 0.15 deg. It is making sig- 
nificant contributions to the store of data on the energy spectrum 
of various radio-emissive stars. It is also used for radio in- 
tensity distribution measurements over the solar disk. At 8 
mm wavelength it will be possible to detect thermal emission 
from Venus and Jupiter. Lunar measurements include study of 
temperature variations of moon’s crust during lunar day and 
radar distance measurements at 10 cm and 3 cm wave-lengths. 


line, scanning in an East-West direction through the earth’s 
rotation. It will also be able to receive some off-axis signals 
which will broaden its normal field of view. 

Radio astronomy is now an important segment of the cos- 
mological sciences. It is another approach to the method of 
measuring and evaluating the physical processes extant in 
space and the sun and the stars. However, the techniques 
developed and the data gained not only contribute to astro- 
physics but will build up a great body of experience for that 
time when tracking and communication in space for and be- 
tween space vehicles will be a reality. 
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Will your income 
and location allow 
you to live ina 

home like this... 


spend your leisure 
| time like this? 


A Douglas engineer lives here 


m 
They can...if you start your career p 
now at Douglas! ‘ 
Ju 
Take that ten year ahead look. There’s a fine career : 
opportunity in the engineering field you like best waiting * 
for you at Douglas. y 
And what about the Douglas Aircraft Company ? It’s the AS 
biggest, most successful, most stable unit in one of the fastest s 
growing industries in the world. It has giant military 
contracts involving some of the most exciting projects ever 
conceived ... yet its commercial business is greater than that of 2:0 
any other aviation company. 8:31 
The Douglas Company’s size and variety mean that you'll be in 
the work you like best — side by side with the men who have 
engineered the finest aircraft and missiles on the American scene 
/ today. And you'll have every prospect that ten years from F 
now you'll be where you want to be career-wise, money-wise “a 
30 
and location-wise. Chait 
For further information about opportunities with Douglas in _* 
Santa Monica, El Segundo and Long Beach, California divisions 4 re 
al 
and Tulsa, Oklahoma, write today to: “7 | 
e] 
First in Aviation DOUGLAS AIRCRAFT COMPANY, INC. = 
C. C. LaVene, 3000 Ocean Park Blvd., Santa Monica, California oa 
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ARS News 


Ramjets, Propellants, Satellites 


Highlight Cleveland Program, June 18-20 


Murphree, missile “czar,” to speak at 
Semi-Annual Meeting banquet 


N ARS committee headed by Case 
Institute of Technology’s Henry Bur- 
lage, Jr., has come up with what promises 
to be one of the Society’s outstanding tech- 
nical programs. 

Four sessions—on ramjets, liquid pro- 
pellants, solid propellants, and satellites— 
will see fifteen papers presented at the 
Society’s June 18-20 meeting at the Hotel 
Statler in Cleveland. The program will 
be conducted in conjunction with the 
Semi-Annual Meeting of The American 
Society of Mechanical Engineers. 

Host for the ARS portion of the meeting 
will be the Cleveland-Akron Section. 
The Section’s President, W. T. Olson, 
Lewis Flight Propulsion Laboratory, Na- 
tional Advisory Committee for Aeronau- 
tics, will be toastmaster at a banquet to 
be held on Monday evening, June 18. 
The speaker for this affair will be Eger V. 
Murphree, Special Assistant to Secretary 
of Defense for guided missiles. 

Paul Ordin, also of NACA, Arrange- 
ments Chairman, announces that a pro- 
gram of special events has been arranged 
by the Cleveland ASME-ARS committee 
which will include a showing of the musi- 
cal, “King and I,’’ on Sunday evening, 
June 17; a baseball game between Boston 
Red Sox and Cleveland Indians on Tues- 
day evening, June 19, and a trip to the 
Lewis Lab on Wednesday afternoon, 
June 20. 

Sessions of possible interest to ARS 
members are also being conducted by 
ASME’s Heat Transfer, Gas Turbine 
Power, and Aviation Divisions, June 18-21. 

The complete program is as follows: 


SUNDAY, JUNE 17 


2:00 p.m. Registration 
8:30 p.m. ‘‘The King and I” 
Musicarnival 
Warrensville Heights, Ohio 
(Transportation from Hotel 
Statler furnished) 
MONDAY, JUNE 18 
8:00 a.m. Registration 
9:30 a.m. Ramjets 
Chairman: James W. Useller, NACA, 


Cleveland, Ohio 

The Ramprop, A Supersonic Jet-Driven 
Propeller, by Albert Gail, Cornell Aero- 
nautical Lab., Buffalo, N. Y. (296-56) 

The LeDuc 022 Ramjet Airplane, by Rene 

_ LeDuc, LeDuc et Fils, France (297-56) 

Some Fundamental Aspects of Ramjet Pro- 
pulsion, by Arthur N. Thomas, Jr., Mar- 
quardt Aircraft Co., Van Nuys, Calif. 
(298-56) 


May 1956 


ASME Heat Transfer I 
Gas Turbine Power I 


9:30 a.m. 


Chairman: Sigmund Kopp, Alco Products, 
Inc., Dunkirk, N. Y. 

Vice-Chairman: R. L. Lyerly, Cornell Aero- 
nautical Lab, Buffalo, N. Y 

Generalized Optimal Heat Exchanger De- 
sign, by David H. Fax, Atomic Power Div., 
Westinghouse Electric Corp., Pittsburgh, 
Pa. (ASME 56-SA-19) 

Tests of Free Convection in a Partially 
Enclosed Space Between Two Heated 
Vertical Plates, by R. Siegel, NACA, Lewis 
Lab, Cleveland, and R. H. Norris, General 
Electric Co., Schenectady, N. Y. 


2:30 p.m. Liquid Propellant Rockets 


Chairman: John Sloop, NACA, Cleveland, 
Ohio 

Dynamics of a Pump-Fed, Variable-Thrust, 
Bi-Propellant, Liquid Rocket Engine Sys- 
tem, by Marvin R. Gore and John J. 
Carroll, Aerojet-General Corp., Azusa, 
Calif. (299-56) 

Hydrogen Peroxide Oxidant for Aircraft Pro- 
pulsion, by Andrew J. Kubica and James 
C. McCormick, Becco Chemical Division, 
Food Machinery and Chemical Corp., 
Buffalo, N. Y. (300-56) 

Solid-Liquid Rocket Propellant Systems, by 
George E. Moore and Kurt Berman, Gen- 
eral Electric Co., Cincinnati, Ohio (301-56) 

An Evaluation of Various Liquid Rocket Ex- 
haust Jet Flame Suppressants, by John C. 
Becker, Jr., Aerojet-General Corp., Azusa. 
Calif. (302-56) 


2:30 p.m. ASME Heat Transfer II 


Chairman: G. M. Dusinberre, Penn State 
University, University Park, Pa. 

Vice-Chairman: W. L. Ryan, Case Inst. of 
Tech., Cleveland, Ohio 

A Novel Method of Obtaining an Isothermal 
Surface for Steady State and Transient 
Conditions, by G. N. Hatsopoulos and J. 
Kaye, Mass. Inst. of Tech., Cambridge, 
Mass. (ASME 56-SA-13) 


W. T. Olson, President 


Eger V. Murphree, Special 
Cleveland-Akron Section Assistant to the Secretary of 


A Mechanical Computing Device for One- 
Dimensional Transient Heat Conduction 
Problems, by W. E. Rowland, E. A. Tra- 
bant, and G. A. Hawkins, Purdue Uni- 
versity, Lafayette, Ind. 

Study of Heat Transfer to Liquid Nitrogen, 
by Leo M. Thompson, Bell Aircraft Corp., 
Buffalo, N. Y. (ASME 56-SA-4) 


7:00 p.m. ARS Banquet 


Toastmaster: W. T. Olson, 
Cleveland-Akron Section 

Speaker: Eger V. Murphree, Special Assistant 
to Secretary of Defense for guided misssiles 


TUESDAY, JUNE 19 
8:00 a.m. Registration 
9:30a.m. Solid Propellant Rockets 


Chairman: A. L. Antonio, General Tire and 
Rubber Co., Akron, Ohio 

Importance of Mass Ratio and Adaptability 
of Case Bonded Solid Propellant Rocket 
Systems for Achievement of Super Veloci- 
ties, by J. W. Wiggins, Thiokol Chemical 
Corp., Huntsville, Ala. (303-56) 

Cold Forming Methods for Fabrication of 
Inert Rocket Components During De- 
velopment, by H. R. Grant, Aerojet- 
General Corp., Azusa, Calif. (304-56) 

Range, Burnout Velocity, and Design of 
Solid Propellant Rocket Ballistic Ve- 
hicles, by P. J. Blata and R. D. Geckler, 
Aerojet-General Corp., Azusa, Calif. (305- 
56) 


President, 


9:30 a.m. ASME Heat Transfer III 
Aviation I 
Chairman: Victor Kropf, Westinghouse 


Electric Corp., Pittsburgh, Pa. 

Vice-Chairman: Frank Rom, NACA, Lewis 
Flight Propulsion Lab, Cleveland 

Thermal Problems of High Speed Flight and 
the General Electric Aircraft Cooling 
Program, by J. W. Rizika, General Elec- 
tric, West Lynn, Mass. (ASME 56-SA-24) 

A Survey of Possible Refrigerants for High 
Temperature Application, by Jon Van 
Winkle, General Electric Co., Pittsfield, 
Mass. (ASME 56-SA-12) 

A Comparison of Retrigerants When Used in 
Vapor Compression Cycles Over an Ex- 
tended Temperature Range, by J. P. 
Barger, W. M. Rohsenow, and K. M. 
Treadwell, Mass. Inst. of Tech., Cam- 
bridge, Mass. (ASME 56-SA-6) 

Turboconditioning Systems with Vapor Com- 
pression Cycles, by J. P. Barger, W. M. 
Rohsenow, and K. M. Treadwell, Mass. 
Inst. of Tech., Cambridge, Mass. (ASME 
56-SA-7) 


Henry Burlage, Jr. 
Program Chairman 


Defense for guided missiles 
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2:30 p.m. Satellite Flight 

Chairman: D.C. Romick, Goodyear Aircraft 
Corp., Akron, Ohio 

Instrumentation Problems of Medium-Size 
Satellites, by Ernst Stuhlinger, Redstone 
Arsenal, Huntsville, Ala. (306-56) 


The Effect of Meteoric Particles on a Satellite, 


ASME Heat Transver IV 
Aviation II 


2:30 p.m. 


Chairman: Simon Ostrach, NACA, Cleve- 
land 

Vice-Chairman: Stephen Maslen, NACA, 
Cleveland 


Influence of Through Metal on Heat Trans- 
fer Through Aircraft Structure Sandwich 


by S. F. Singer, University of Maryland, 


College Park, Md. (307-56) 


Azusa, Calif. (308-56) 
by Irvine G. Henry, Aerojet-General Corp., 
Lifetime of Artificial Satellites of the Earth, 


Satellite Communication Problems, by J. 
Jensen, Glenn L. Martin Co., Baltimore, 


Md. (309-56) 


The Solar-Powered Space Ship, by Krafft A. 
Ehricke, Convair, San Diego, Calif. (310- 


56) 


Systems Engineers! 


Panels, by J. R. Woolf and L. R. Scott, Jr., 
Convair, Fort Worth, Texas 

A Systematic Study of Air Cycles for Air- 
craft Cooling Applications, by L. R. 
Stevens, Jr., General Electric Co., West 
Lynn, Mass. (ASME 56-SA-11) 


5:45 p.m. ASME Baseball Night 


Roast Beef Buffet Dinner in outfield of 
Municipal Stadium. Meet ball players 
and see Cleveland Indians-Boston Red Sox 
game. (Transportation from hotel) 


Hitch your career 


to rocket power! 


Take a good look at your future. Why not see 
what Rocketdyne has to offer the Systems 
Engineer of your calibre? 

Rocketdyne, the largest producer of liquid 
propellant rocket engines in the field of rocket 
propulsion, is a division of North American 
Aviation, Inc. As a Systems Engineer with 
this industry leader, you will earn commen- 
surate with your ability. You will realize per- 
sonal and professional satisfaction by working 
with the most advanced state of your pro- 
fession. At Rocketdyne, your future depends 
on you. 

Rocketdyne now needs Systems Engineers 
with training or experience in: 


THERMODYNAMICS FLUID FLOW 
GAS DYNAMICS SYSTEMS ANALYSIS 
RELIABILITY 


HEAT TRANSFER 
ENGINE PERFORMANCE ANALYSIS 

to employ the Systems engineering concept in 

the Analysis of Large Rocket Engines and 

Propulsion Systems. 

If you are a graduate with a B. S. or 
advanced degrees in M. E., A. E., or Ch. E. or 
an experienced engineer with a background in 
Heat Power... Put POWER in your career— 
forward your resume today to: 


9:30 a.m. 


Chairman: 


Propulsion Facilities at Trenton, by Lester 


Propulsion Facilities at the Arnold Engineer- 


2:30 p.m. 


WEDNESDAY, JUNE 20 


Aviation III 
New National Facilities for 
Propulsion Research and Development 


Abe Silverstein, NACA, Cleye- 
land, Ohio 

Vice-Chairman: W. R. New, Westinghouse 
Electric, Kansas City, Mo. 


G. Tilton, Naval Air Turbine Test Station, 
Trenton, N. J. 


ing Development Center, by John M. Wild, 
Aro, Inc., Tullahoma, Tenn. 

Propulsion Wind Tunnels at Lewis Flight 
Propulsion Lab, by E. W. Wasielewski, 
NACA, Cleveland 


1:30 p.m. Inspection Trip 


Lewis Flight Propulsion Lab, NACA, 
Visitors will see supersonic wind tunnels, 
altitude chambers for testing turbojets and 
ramjets over a broad range of Mach num- 
bers and altitudes, the Rocket Lab, and 
other facilities. 


ASME Gas Turbine Power IV 
Power V 


Problems Encountered in the Translation of 
Compressor Performance from One Gus to 
Another, by Melvin J. Hartmann and 
Ward W. Wilcox, NACA, Cleveland 

Facilities and Instrumentation for Com- 
pressor and Turbine Research at the 
NACA Lewis Flight Propulsion Lab, by 
Arthur A. Medeiros and Channing C. 
Conger, NACA, Cleveland. 


THURSDAY, JUNE 21 
9:30a.m. ASME Gas Turbine Power IV 


Research on Application of Cooling to Gas 
Turbines, by Jack B. Esgar, John B. 
Livingood and Robert O. Hickel, NACA, 
Cleveland 

Considerations in the Development of 
Small Turbojet Engines, by Donald J. 
Todd and Leonard F. Westra, Continental 
Aviation and Engineering Corp., Detroit, 


Mich. 


Haley, Program Chairman, 
Invites Papers for 
Forthcoming Meetings 


NDREW G. HALEY, National ARS 

Program Chairman, announces that 
papers are invited for forthcoming na- 
tional meetings. Papers should conform 
to specifications listed on page 321. De- 
tails on subjects to be covered are: 


September 17-21 


Seventh Annual Congress, International 
Astronautical Federation, Rome—On space 
flight, rocket propulsion, satellites, upper 
atmosphere research, trajectories and or- 
bits, space vehicle design, space naviga- 
tion, space medicine. 

Submit papers to: 

Andrew G. Haley, Program Chairman 
American Rocket Society 

1735 DeSales Street 

Washington, D. C. 


Deadline for manuscripts: 


June 30. 


A.W. Jamieson, Rocketdyne 
Engineering Personnel, 

Dept. 596 JP, 6633 Canoga Ave., 
Canoga Park, Calif. 


ROCKETDYNE 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 


SP ACE 


September 24-26 


ARS Fall Meeting, Hotel Statler, Buffalo, 
N. Y.—On combustion, instrumentation, 


POWER FOR OUTER 


BUILDERS Ff 
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Not3 ble THE CORPORAL~—a highly accurate surface-to-surface missile is a 
supersonic vehicle of the ballistic type. The Corporal system includes, 


° not only the missile, but also extensive ground handling, check out 
A ch /evemen AS guidance and launching equipment. 


SY. This missile, now in production elsewhere, can be found“on active 
q 4 service” wherever needed in the American defense pattern. 


Pioneering—a continuing responsibility 


JPL JOB OPPORTUNITIES ARE { The success of the Corporal is typical of the progress in guided missile 
WAITING FOR YOU TODAY! technology which had its beginnings at JPL in the first early rocket ex- 
In these fields periments in 1940. Since then the Laboratory has grown to occupy an 
ELECTRONICS 80 acre site in the San Gabriel mountain foothills north of Pasadena and 

. is staffed by the California Institute of Technology. 
ELECTRONIC RESEARCH In missile development, JPL maintains a broad systems responsibility. 
SYSTEMS ANALYSIS For example, in the Corporal program, from earliest ideas to production 
ELECTRO-MECHANICAL engineering — from research and development in electronic guidance, 
INSTRUMENTATION propulsion, structures and aerodynamics, through field problems and 
° actual troop use—full technical responsibility rests with JPL engineers 

INERTIAL GUIDANCE and scientists. 
TELEMETERING Naturally, close integration with such a vital program provides excep- 
PHYSICS tional opportunities for original research. This coupled with the ideal 
: facilities and working conditions at the “Lab” is a prime attraction for 
PACKAGING scientists and engineers of unusual ability. 

MECHANICAL ENGINEERING Expanding programs are rapidly providing new openings for quali- 
AERONAUTICAL ENGINEERING fied people. If you would enjoy the challenge of new problems in research, 
, write us today outlining your interests, experience and qualifications. 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 


CALTECH 
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ROCKETS AND 
GUIDED MISSILES 


By John Humphries 


A comprehensive survey of present- 
day achievements and future possi- 
bilities of rockets and guided missiles. 
The author discusses the theory, de- 
sign and function of the various types 
of rockets, including details on the 
design of both liquid and solid-pro- 
pellant motors. Here is up-to-the-min- 
ute information on short-range, long- 
range and research missiles with a 
discussion of the use of nuclear energy 
in space flight. 125 accurate tables 
~line drawings—44 photographs—ex- 
tensive bibliography. $6.00 


FRONTIER TO SPACE 


By Eric Burgess 

The fascinating story of recent ex- 
plorations into the earth's upper at- 
mosphere by means of rockets bearing 
scientific instruments to obtain infor- 
mation valuable for military use, com- 
munications and long range weather 
forecasting, etc. Contains technical 
data on the various phases of missile 
research, including instrumentation, 
experiment outlines, and details on 
cosmic rays and other subjects of high- 
altitude physics. An entire chapter is 
devoted to the timely problem of 
launching an artificial satellite. 
118 illustrations $4.50 


You will also want to read: 


ROCKET. PROPULSION; With an Intro- 
duction to the idea of Interplanetary 
Travel by Eric Burgess $4.50 

AMATEUR ASTRONOMER'S HANDBOOK 
by J. B. Sidgwick $12.50 

OBSERVATIONAL ASTRONOMY FOR 

AMATEURS by J. B. Sidgwick $10.00 

THE MOON by H. Percy Wilkins and 
Patrick Moore $12.00 

THE SUN AND ITS INFLUENCE 
by M. A. Ellison 

PHYSICS OF THE PLANET MARS 
by Gerard de Vaucovleurs $10.00 


» Clip and Mail Today 


The Macmillan Company, Dept. JP-1 
60 Fifth Avenue, New York 11, N. Y. 

Please send me the books checked below. 
1 will either remit the full price of the books 
ae small delivery charge, or return the 
or 


ks in 10 days. (Save: Send check or money 
now and we pay delivery charge.) 


Rocket Propulsion $4.50 
Amateur Astronomer’s Handbook $12.50 
Observational Astronomy for Amateurs $10 

The Moon $12.00 

The Sun and Its Influence $4.50 

Physics of the Planet Mars $10.00 


' 
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liquid propellants, rocket installations 
problems, test facilities, manufacturing 
problems, education. 

Submit papers to: 


Ralph H. Bloom, Program Chairman 
ARS Fall Meeting 

Becco Chemical Division 

Food Machinery and Chemical Corp. 
Buffalo 7, N. Y. 


Deadline for manuscripts: June 15. 


November 25-30 


ARS Annual Meeting, New York—On 
space flight, guided missiles, rockets, ram- 
jets, instrumentation, guidance and con- 
trol, fuels and combustion, nuclear pro- 
pulsion, satellites. 

Submit papers to: 

Andrew G. Haley, Program Chairman 
American Rocket Society 
1735 DeSales Street 
Washington, D. C. 
Deadline for abstracts: June 15. 
Deadline for manuscripts: August 27. 


Cowen Announces 
Competition For ARS 
Student Award 


B. COWEN, Chairman of the 1956 

* Awards Committee, has established 
a deadline date of August 15, 1956 for 
entries in this year’s ARS Student Award 
competition. 

Papers may deal with any subject within 
the scope of ARS interest—rockets, ram- 
jets, space flight, combustion—and will be 
judged on the basis of accuracy, expression, 
understanding of the subject, and origi- 
nality of thought. 

A medal will be awarded to the winner 
at the Annual Meeting Banquet in New 
York in November. 

Send entries to: 


J. B. Cowen, Chairman 
Awards Committee 
American Rocket Society 
Aerojet-General Corporation 
1625 Eye Street, N. W. 
Washington, D. C. 


convention. 


PAPER on the earth satellite 

program by Rear Admiral F. R. 
Furth, USN (Ret.), will be sponsored 
by ARS at the 70th Annual General 
and Professional Meeting of the Engi- 
neering Institute of Canada. Also co- 
sponsoring the meeting, which will take 
place May 23-25 at the Sheraton- 
Mount Royal Hotel, Montreal, is The 
American Society of Mechanical Engi- 
neers. 


A feature of the meeting will be a 
plant visit and air show to be staged by 
Canadair Ltd. (photo). 


Aerial view of Canadair Ltd., Montreal, which will be visited by delegates to the 

Canadair produces F-86 Sabres, T-33 Silver Star jet trainers, 

CL-28 maritime reconnaissance aircraft, and is engaged in guided missile and 
nuclear work 


ARS to Participate in Montreal Meeting 


The portion of the program of in- 
terest to ARS members is as follows: 


Thursday, May 24 

9:00 a.m. The Metal Bonding of Air- 
craft Assemblies, by J. J. Waller, 
Canadair, Ltd., Montreal. 

10:00 a.m. The Challenge of Progress, 
by R. C. Sebold, Convair, San Diego, 
Calif. 

11:00 am. Project Vanguard—The 
IGY Earth Satellite, by F. R. Furth, 
Farnsworth Electronics, Fort Wayne, 
Ind. 

2:00 p.m. Canadair Visit and Air Show, | 
Cartierville, P. Q. | 

| 
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Terrier-Armed Cruiser to Defend 
Navy's Atlantic Fleet Task Forces 
By Davip ‘A. ANDERTON 
Aviation 
Operational 


Fleet’s expet 
Mississippt- 
TERRIER HisTORY 

e first weapons syste 


come from the Bureau of Ordnance’s ten 
ear-old Section “pT” contract with the 


Applied Physics Laboratory of Johns Hop- 
i Prompted by Japanese 


kins University- 
Kamikaze attacks in the closing months of 
ureau established the 


World War II, the b 
h and development project 


m to 


The Terrier is th 


made initial 
led to the Terr other phases 
m have Pp 
Talos, anot {t missile with 
ramjet propulsion, and the Triton. 

As Terrier tests made the missile look more 
and more promising, the Navy opened a new 
production plant at Pomona, Calif., and 
turned the operation of the facility over to 
the Convair Division of General Dynamics. 

Production began in January 1953. 


Naval History 


MISSILE Division 


a sustainer rocket built 
occupies the bay 
the tail. The aft 
antennas 


The powerplant, 
by the M. W. Kellog 


between th 


sections, 


both guidance 
and all 


the spines ©° sections, 
the aerodyna 

The Bosion, 
cruiser, forms t 
guided-missile division. 
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(CAG-1)—will begin early next when guidance tion mounts 

2 the converted ship joins the Atlantic Fleet. and related avionic - 

— The Boston is armed with two twin launch- 

| ers firing the supersonic Convair Terrier anti- 

aircraft missile. Fleet operations with the 

Terrier follow extensive test firings of the ae a 

: missile, including @ series from the Atlantic att 

| system and in h s propulsion 

| ile as on ie of the Navy's this ; 

n aircraft weapons. To « of the Navy's prima rs a 

s. To date, M. W. nary ant 

to the eng ineer ssures has contrib 

ATS 

| 

‘| | 


many moons 


Less than 5,000 working hours from now, 
Martin will launch the world’s first earth satel- 
lite. As with the famed Martin Viking Rocket 
program, this is to be No. 1 of a continuing series 


of astronautical research vehicles — man-made 
moons which will chart the way toward the con- 
quest of the final frontier, space itself. 

If you are interested in the greatest engineering 
adventure of our time, contact J. M. Hollyday, 
Dept. JP-05, The Martin Company, Baltimore 3, 
Maryland. 


MVE 2A FET | 


Sacramento Section 
Officers Elected 


(THREE successful dinner meetings were 

held this year in establishing the Sac- 
ramento Section. The following officers 
were elected: President, Frank Coss; 
Vice-President, Daniel M. Tenenbaum; 
Treasurer, Raymond C. Stiff; Secretary, 
Wayne H. Fenton; Assistant Secretary, 
William Rideout; Publicity Director, 
George James; Membership Committee 
Chairman, Herman L. Coplen; By-Laws 
Committee Chairman, Joseph J. Peter- 
son; Program Committee Chairman, Clair 
Beighley; and Assistant Program Com- 
mittee Chairman, Edward Neu. All are 
connected with the Liquid Rocket Piant 
of the Aerojet-General Corp. and have 
been active in rocket development for 
many years. By-Laws of the proposed 
organization have been prepared for re- 
view by the ARS National Board. 


New York Hears Four 
Experts on Thermal Barrier 


By MicHaEL MaccaRONE 


HE problems of the thermal barrier 

were the subject of a panel discussion 

at the March 23 meeting of the New York 
Section. 

C. J. Marsel, Section president, intro- 
duced the four speakers, all experts in 
their field. 

George Gerard, Assistant Director, 
Research Division, College of Engineering, 
New York University, acted as panel mod- 
erator and, as the first speaker, set the stage 
by defining some of the problems encoun- 
tered by missiles and aircraft in high speed 
flight. He used a film to illustrate the 
action of thermal stresses. Then assum- 
ing adiabatic aerodynamic heating as the 
worst condition, Dr. Gerard showed that 
some cooling is effectively accomplished 
by radiation, dissociation of air molecules 
and turbulent rather than laminar air 
flow. 

E. F. Skinner, Head, High Temperature 
Materials Section, Development and Re- 
search Division, International Nickel Co., 
spoke on high temperature materials, 
pointing out that molybdenum could be 
the next most promising material, al- 
though it would extend penetration of the 
thermal barrier only a short distance. Dr. 
Skinner also discussed the use of protective 
coatings, such as the ceramics and cermets. 
He stated that these materials presently 
have shortcomings in thermal expansion 
and strength characteristics. 

Harold Moak, Director of Engineering, 
ARDE Associates, discussed the effect of 
high temperatures on airframes, and Man- 
nie Schneider, Power Plant Staff, Repub- 
lic Aviation Corp., spoke on cooling high 
speed aircraft and missiles. He covered 
advancements in temperature-controlled 
compartments for pilot comfort and for 
vital electronic equipment using refriger- 
ation units. Future designs of high speed 
aircraft will definitely be concerned with 
such problems as keeping volatile fuels at 
reasonable temperature limits to prevent 
high overboard fuel losses even in systems 
which are slightly pressurized. 


JET PROPULSION 


M 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
398 


er 


hed 
ues 
air 


ure 
Re- 
als, 

be 

al- 
the 
Dr. 
Live 
ets. 
sion 


ing, 
t of 
[an- 
yub- 
Ligh 
red 

for 
ger- 
vith 
s at 
ent 
ems 


ION 


SILVER CREEK , NEW YORK. 


oll effective combination of design, know 


how and precise workmanship have made 
available this linear actuator. This rugged, 
compact, dependable unit has proven able 
to perform under the most adverse conditions 
and temperature changes. 

In this particular design, overloads on the 
drive tube, in both directions of the stroke, 
actuate a short stub shaft, compressing the 
spring’and operating a limit switch which is 
connected to the power source. 

New heights of performance demand new 
standards of precision and dependability. 
Bring your next actuator design problem to 
us. 


Call or phone: 


NEWBROOK MACHINE CORP. 


SILVER CREEK, NEW YORK 
PHONE: 44 


ACTUATORS 


WERO OR, MACHINE CORP 
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To obtain missile break-up 
data, the combination 

of Model A53 high current 
output accelerometers 
and a Model MR-1 
recorder has proven to 

be a successful system. 


STATHAM Model A53 
accelerometers produce 

a signal of +0.4 
milliampere into a 40 ohm 
load. They are small in 
size and light in weight. 


Please request 
7 Statham Bulletin 
No. A53. 


The Model MR-1 is a 
miniature airborne magnetic 
tape recorder manufactured 
by North American 
Instruments, Inc., 

2420 N. Lake Ave., 
Altadena, California, and 

is described in their 
Bulletin 104. 


* The formula “A53 + MR-1” 
demonstrates the ability 

of Statham Laboratories to 
cooperate with recorder 
manufacturers in a joint 
effort to serve the 
engineering field. 


ABORATORIES 


Olympic Blvd, Li 


s Angeles 64, Calif 


Section Doings 


Arizona. Basic problems discussed at 
the April meeting in Tucson were: In- 
creasing membership, improvement of 
meetings, financial status, and other re- 
lated subjects or problems. After the 
business meeting, officers were elected, a 
film shown (“The Sky is No Limit’) 
and réfreshments served. The film, by 
Aerojet-General, related to the ‘‘Aerobee’’ 


‘sounding rocket. 


Cleveland-Akron. At the March meet- 
ing, I. I. Pinkel, Chief of the Flight Prob- 
lems Research Division at NACA, de- 
scribed research on crash fires and human 
survival in crashes. The impetus for this 
work comes from the airlines and the 
Armed Forces who are anxious to improve 
an already excellent safety record. The 
talk was illustrated with slides and movies 
of crash experiments. At the April meet- 
ing, Lt. Col. John P. Stapp talked about 
his research experiences in the field of 
human adaptation to extreme flight speeds 
and ejection from supersonic aircraft. 
His talk was accompanied by motion pic- 
tures of experiments on supersonic escape 
from aircraft. Because of the location of 
the meeting at the NACA Auditorium, 
Lewis Flight Propulsion Lab., Cleveland, 
admission was restricted to U. S. citizens. 


National Capital. Two dinner meetings 
were held in April. At the first, the 
speaker was Stanley Smith, chief of Air- 
plane Projects, Bell Aircraft, who de- 
scribed the Bell X-2 and rocket power for 
future aircraft. At the second meeting, 
Krafft Ehricke, of Convair’s guided missile 
division, described the use of satelloid 
vehicles for preparation of manned space 
flight. New officers announced are: Presi- 
dent, Jack Gilchrist (Aerojet); Vice- 
President, Eric Bergaust (Aero Digest); 
Mason R. Comer, Jr. (NRL); and Treas- 
urer, Richard Snodgrass (NRL). 


Norther California. Officers and direc- 
tors elected at the annual meeting in San 
Francisco are: President, A. J. Eggers, 


Jr.; Vice-President, A. K. Oppenheim; 
Secretary, M. Evans; and Treasurer, 
V. T. Stevens. Directors to serve to 1959: 


L. A. Walker and K. G. Heller. 


New Merxico-West Texas. ‘Coriolis 


and the ICBM”’ was the subject of Harold 
Daw’s talk at the February meeting. Dr. 
Daw, of the Physical Science Lab., New 
Mexico College of Agriculture and Me- 
chanical Arts, spoke of the mechanics of 
moving coordinate systems. 


A group watching the effects of coriolis; 
Dr. Daw is at left | 


AERONAUTICAL 
ENGINEER | 


Stimulating work is offered in our 
Systems Research Department to 
senior level engineers with several | 
years’ experience in design, analy- 
sis or evaluetion of aeronautical 
weapons systems. 


Duties: Handle the preliminary | 
design and performance analysis 

of missiles and airplanes for in- 
tegration into a complete pre- | 
liminary weapon system design. 
This requires a working knowl- 
edge of liquid and solid fuel 
rocket, ramjet and turbojet pro- | 
pulsion systems, subsonic and 
supersonic aerodynamics, and a | 
basic knowledge of airplane and 
missile structural design. 


Write for comprehensive list of | 
current positions available and for 
our new brochure ‘A Decade of 
Research.” 


BUFFALO 21 N.Y 


/ 4354 GENESEE ST 


ENGINEER © SCIENTIST 


nuclear radiation studies 
for application to 
atomic flight 


Ph. D. in Chemistry 
Physics or Metallurgy 


This interesting position is distinguished 
as much by its increased area of responsi- 
bility as it is by the important role its 
findings will play in the field of nuclear 
powered flight. 


The analysis and coordination of all data 
relative to the effect of radiation on 
materials indicates not just creative 
thinking but goal-directed creative think- 
ing. 


It requires an active interest in the struc- 
ture of materials and in the reasons for 
observed radiation effects, plus 8 to 10 
years’ experience in the study of the effect 
of neutrons and gamma radiation on 
materials. 


Publication of research results in the 
appropriate classified or open literature 
is encouraged. 


Openings in Cincinnati, Ohio and 
Idaho Falls, Idaho 


Address Replies stating salary requirements 
to Location You Prefer 


W. J. Kelly L. A. Munther 
P.O. Box 132 P.O. Box 535 
Cincinnati, Ohio Idaho Falls, Idaho 
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build your future with 


NEW ELECTRONIC 
ACHIEVEMENTS 


Here at AUTONETICS nearly 100 advanced electronic _ tional professional standing in a congenial atmos- 


and electro-mechanical projects are in progress— __ phere. You'll have access to the very latest digital 
projects whose long-range implications are moving _ and analog data processing equipment. You'll have 
forward the frontiers of technical knowledge. the opportunity to contribute to the advances in 


Most of the work is well in advance of reports in _ electronics and electro-mechanics and at the same 
technical publications, or even confidential texts. The time further your own career. What’s more, you'll 
one way to keep abreast of this unique and highly _ like living in Southern California. 
rewarding research is to be in it. Write now for complete information. Your in- 

At AUTONETICS you'll work with men of excep- _quiry will be handled promptly and confidentially. 


UNIQUE OPPORTUNITIES FOR: 
Computer Specialists  Electro-Mechanical Designers Environmental Test Engineers Electronic Component Evaluators 
Instrumentation Engineers — Fire Control Systems Engineers _ Flight Control Systems Engineers 


Electronics Research Specialists Computer Programmers § Computer Application Engineers © Automatic Controls Engineers 
Electronic Engineering Writers _—_ Inertial Instrument Development Engineers Preliminary Analysis and Design Engineers 


Also Openings for Draftsmen and Technicians 


CONTACT: Mr. D. S. Grant, A t t Cc S, 
Autonetics Engineering Personnel Office, Dept. 991-20JP u oO n e 5 
12214 Lakewood Blvd., Downey, Calif. A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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one source responsibility 
for multi-component rocket 
thrust testing systems 


Now you can get an integrated thrust 
testing system, including rocket 
stand structural components, from 
one reliable source. 


| New England. At the February meet- 

ing held at the M.I.T. Faculty Club pent- 

house in Cambridge, attendance numbered 

140, largest meeting the Section has had 
| since its founding last July. Speakers 
| were Ernst Stuhlinger, Head, Technical] 
| Feasibility Studies Office, Ordnance Mis. 
| sile Lab., Redstone Arsenal; Bruce H, 
| Billings, General Manager, Baird Asso- 
ciates, Inc.; A. John Gale, Head, De- 
velopment Div., High Voltage Engineering 
Corp., and M. L. Vidale, Operations Re- 
search Group, Arthur D. Little, Inc. At 
the March meeting, Jean I. F. King, 
Chief, Radiative Transfer Unit, Geo- 
physi¢s Research Directorate, Air Force 
Cambridge Research Center, discussed the 
atmosphere of Venus and Mars. Dr, 
King described the observation and 
measurement of radiative heat transfer and 
evidence of vertical temperature structure 
| in Martian and Venutian atmospheres, 
| Election of officers was scheduled for the 
| April meeting featuring films on the Bell 


The Baldwin system measures .. | P-59 and X-1A. 


; forces and moments in any plane by 
a SR-4® strain gage type load cells. 
Summation or subtraction of outputs 
determines center of thrust, center 
of gravity, weight and thrust. We 
furnish the entire facility, including 
matched instrumentation and struc- 
tural components, with guaranteed : 
accuracy up to + 0.1%. 
For your copy of bulletin 5101, 
write Dept. 2554, Electronics & 
Instrumentation Division, BLH Cor- 
poration, 806 Massachusetts 
Avenue, Cambridge, Mass. | the BLUE BOOK 


of the important new rocket and 
guided missile field is the 


Panel participants Billings, 
Gale, and Stuhlinger 


1956 ROSTER 
of the 
American Rocket Society | 


This year it will carry the names 
of some 5000 engineers and scien- 
tists from missile systems organiza- 
tions; government proving grounds; 
rocket test centers; research labora- | 
tories; universities ... and for the 
next twelve months it can carry 
your advertising message. 


Closing date: June 11 
Publishing date: July 10 


| | Write directly to: 
| 
| 


BALDWIN-LIMA-HAMILTON 1956 ROSTER 


DIVISIONS: Austin-Western * Eddystone * Hamilton * Lima « | American Rocket Society 
Electronics & Instrumentation * Loewy-Hydropress « Madsen | 500 Fifth Avenue 


Pelton Standard Steel Works 
New York 36, New York 


(fm ELECTRONICS & INSTRUMENTATION DIVISION 
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AERO + BALLISTIC + SPACE 
MISSILE-TESTING 
INSTRUMENTATION 


Specific fields include... 


TELEMETRY - RADAR : TIMING 
COMMUNICATIONS - DATA PROCESSING: OPTICS 


REQUEST YOUR INTERVIEW NOW... 


RADIO CORPORATION of AMERICA 


Tmks. ® 


MISSILE TEST 
KOT is important to the 


Engineer or Scientist who wants 


to advance 


MTP... the place to work for years ahead, where even 
the problems to be solved have a wholly new missile-age 
look! It’s the Missile Test Project of the RCA Service 
Company, Inc., at the Air Force Long Range Missile 
Test Center, the largest testing range and laboratory 
in the world. Here, the projects you face will stimulate 
your imagination and tax your best creative effort. 
Salaries match the challenge these RCA positions present. 


Headquarters for MTP is Patrick Air Force Base, 
ideally located on Florida’s sunny central east coast. 
It’s a perfect climate for work and living all year ’round. 


And in addition, you’re in line for all the many advantages RCA 
positions offer: Complete facilities . . . planned advancement 
programs... professional recognition . . . liberal program of 
company-paid benefits . . . relocation assistance . . . and more. 
You should have a Bachelor’s or advanced degree in EE, ME, 
Physics or Mathematics and two or more years’ experience. 


RCA engineering management will arrange an interview at the time and 
place you find most convenient. Please send complete resume of 
education and experience to: 


Mr. H. N. Ashby, Technical Employment 
Missile Test Project, Dept. N-7E 

RCA Service Company, Inc., P.O. Box 1226 
Melbourne, Florida 
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SPECIALISTS 
K 


EXPLOSIVE POWER 
CARTRIDGES 


GAS-GENERATING 
CANISTERS 


An organization specializing in the 
design, develop t, and f 

ture of explosive ordnance, McCor- 
mick Selph places first emphasis on 
dependability. The entire group is 
located in a 60,000-sq-ft plant on a 
200-acre site having perhaps the 
most complete facilities of its kind 


in existence. 
Your procurement and reliability 
: problems in specialized explosives* 
oe can probably be solved at McCor- 
mick Selph — either with standard 
ty items, tried and proved, or with units 
produced to meet your specific need. 
Send for data 
or submit your 

problems to: 


* Ignition 
Actuation 

Ejection 
Fracturing 


McCORMICK SELPH 


ASSOCIATES 
HOLLISTER 2, CALIFORNIA 


Dr. R. W. Porter, ARS President, at Stuttgart conference with (center) Eugen Saenger of 
the host Forschungsinstitut fiir Physik der Stahlantriebe, and (right) Leonid Sedov of 


the Russian Academy of Sciences 


Dr. Porter, 1955 President of ARS, is a 
consultant with General Electric Company, 
New York, and is also chairman of the Earth 
Satellite technical panel on the International 
Geophysical Year program. He reports for 
ARS on a recent visit to an international con- 
ference of propulsion specialists in Stuttgart. 


HE revival of scientific effort in 

Germany is nowhere better exemplified 
than in the establishment in Stuttgart of 
the Forschungsinstitut fiir Physik der 
| Strahlantriebe by Eugen Saenger and 
| Irene Saenger-Bredt. As a symbol of its 
| maturity this Institute held, February 
| 6-8, 1956, in Freudenstadt, Schwarzwald, 
international meeting which was 
| attended by representatives of nine coun- 
| tries. The importance of this meeting is 
| indicated by a few of the names in the 
| guest list. 

The German government was repre- 
sented by the Bundesminister fiir Verkehr, 
| H.C. Seebohm. Other names which may 
| be familiar to readers of Jer PRopuLsIoNn 
|are: Ernst Heinkel and Generaldirektor 
Alfred Klein of the Ernst Heinkel Fahr- 
| zeugbau GmbH; Silvius Dornier of 
| Dornierwerke GmbH; Heinrich, 
| Direktor Robert Bosch, GmbH; Ing. A. 
Heyser, Aerodynamisches Institut Tech- 
nische Hochschule Aachen; K. J. de 
Juhasz, Heidelberg University; O. Lutz, 
DFL Institut fiir Strahltriebwerke; Georg 
Madelung, Technische Hochschule, Stutt- 
gart; F. Nallinger, Chairman of the 
Board Daimler-Benz AG; Direktor Hel- 
muth Sachse, B.M.W. 

A sizable delegation from France in- 
cluded Jean Corbeau, Ingenieur Militaire 
Principal LRBA, and J. Dupin, Directeur 
Technique SNCAN; H. Oestrich, Direc- 
teurSNECMA, and J. Venturini, President 
AERA. Other nations represented were: 
Sweden by Stig Bergstrom and Ake 
Hjerstrand of the Research Institute of 
National Defense; Switzerland by A. 
| Gerber, Direktor of Oerlikon; Italy by 

Giuseppe Gabrielli of Fiat; Holland by 
| A. Hajidakis, Nationaal Luchtvaartlabora- 


Rocket Renaissance in Germany 


by R. W. Porter 


torium, and Meijer-Drees of the Neder- 
landse Helikopter Industrie; England by 
D. C. Mandeville of London, and Allan 
Price, CMG, General Counsel; Stuttgart, 
Leichtenstein, by H. Thomann, Presz und 
Stanzwerk AG. Russia was represented 
by Leonid Sedov, Konstantin Nikitin, and 
Leonid Popok. The United States was 
represented by R. W. Porter of the Gen- 
eral Electric Company and the National 
Academy of Sciences; C. J. Pierce, Glenn 
L. Martin Company, and §. I. Sikorsky, 
United Aircraft Corporation. Even roy- 
alty was present in the person of Prinz 
Welf von Hannover, younger brother of 
the queen of Greece. 

Social functions included a reception 
and dinner given by the Bundesminister 
and cocktail parties by Dr. Porter and 
Dr. Sedov. As is so often the case, these 
social activities presented many oppor- 
tunities for the informal exchange of views 
which is so valuable in developing under- 
standing between persons of different 
nationality. 

Scientific papers were presented on the 
subject of ramjet theory and application, 
liquid rockets, a hot-water rocket, the 
Oerlikon antiaircraft rocket, and _ the 
French research rocket Veronique. Espe- 
cially interesting were a series of highly 
technical papers on the subject of the 
high-temperature plasma produced by 
electric arcs, on the use of atomic energy 
in ramjets, and on the flight mechanics of 
the photon rocket. Professor Sedov pre- 
sented a theoretical paper covering the 
aerodynamic theory of the external drag 
on a hollow cylindrical body. Dr. Porter 
described in some detail the Earth Satellite 
Program of the U.S.A. 

Active discussion of all of the papers 
indicated a high degree of international 
interest in the physical sciences relating to 
jet propulsion and in their practical 
application. Not least among the results 
of this meeting will be the fostering of co- 
operation among the nations with respect 
to the exchange of new scientific data and 
thinking in this fascinating field. 
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THE 
APPLIED PHYSICS 


LABORATORY 
of the 


JOHNS HOPKINS 
UNIVERSITY 


@ offers an exceptional to qualified 
@ men who want to advance themselves profession- @ 

@ally in the GUIDED-MISSILE field. The @ 
@ Laboratory has a ‘or the recognition @ 
@ and encouragement of individual responsibility @ 
@ and self-direction. 


Our program of 


GUIDED MISSILE RESEARCH 
and DEVELOPMENT 


provides such an opportunity for men in: 


DESIGN 
TUN 


ALY 
RAMJET DESIGN. AND ANALYSIS 


OF issn E 
= OF RADARS 
D GROUND SYSTEMS 


pnt send your resume to 
Professional Staff Appointments 


Silver Spring, Maryland 


APPLIED PHYSICS LABORATORY 
THE JOHNS HOPKINS UNIVERSITY 
8617 Georgia Avenue 


NUCLEAR REACTOR DESIGN 
for AIRCRAFT 


A long-range well-paid career position in 
the highly promising new field of aircraft 
nuclear propulsion, is now open with | 
General Electric. This position will 
appeal to the qualified engineer whose | 
creative fluency keeps him abreast of the 
many unusual design problems that he 
will encounter. 


Requirements include a B.S. or advanced 
degree in mechanical or electrical engi- 
neering, plus familiarity with fluid flow, 
heat transfer, stress, ete. Some knowl- 
edge of fabrication processes and tech- 
niques is preferable. 


Publication of research results in the 
appropriate classified or open literature is 
encouraged. 


Openings at Cincinnati, Ohio and Idaho Falls, 
Idaho 


Address Replies to Location You Prefer 


W. J. Kelly L. A. Munther 
G. E. CO. G. E. CO. 
P.O. Box 132 P.O. Box 535 


Cincinnati, Ohio Idaho Falls, Idaho 


GENERAL @@ ELECTRIC 


ROCKET 
ENGINEERS 


The Curtiss-Wright Corporation 
— internationally famous through 
the years for its contribu- 
tions to the field of aeronautics 
—continues to expand and create 
greater career opportunities for 
today’s engineers. Check these 
openings: 


Project Group These excel- 
lent opportunities require at 
least 2 years in jet engine, 
rocket or aircraft performance 
analysis—or rocket, aircraft en- 
gine or gas turbine develop- 
ment and testing. Also, at least 
2 years’ experience writing de- 
sign and progress reports for 
engineering department. Must 
be able to comprehend signifi- 
cant data and integrate tech- 
nical information from several 
sources into clear, well-ordered, 
detailed reports. 


Staff Work Preliminary de- 
sign and specification, including 
proposals, reports, and technical 
work with potential customers. 
Requires at least an engineering 
degree, and 10 years in air- 
craft or missile propulsion field, 
with emphasis on performance 
specification and analysis, plus 
good knowledge of aerody- 
namics or external ballistics, ther- 
modynamics and fluid flow. 
(Several years’ rocket experience 
preferred.) Must be familiar 
with performance parameters of 
aircraft, engines, turbines, pumps; 
be able to present spoken and 
written ideas clearly, concisely 
and fluently. 


For early interview, send 
typewritten resume, giving 
complete details of educa- 
tion, past experience and 
present earnings to: 


R. G. CONRAD 
MGR., ENGINEERING RECRUITMENT, 
DEPT. LB-6 
CURTISS-WRIGHT CORPORATION, 
WOOD-RIDGE, N. J. 


ALL REPLIES WILL BE CONSIDERED 
STRICTLY CONFIDENTIAL 


CURTISS-WRIGHT 


CORPORATION WOOD RIDGE 


AERODYNAMICISTS 


Honeywell’s Aeronautical Division, 
the largest manufacturer of auto- 
matic pilots and associated flight 
control equipment, is continuing its 
program of expansion and diversi- 
fication. 


@ Our aerodynamic analysis group 
currently has openings for qualified 
aeronautical engineers with back- 
ground and interest in aerodynamic 
analysis of closed loop systems and 
their relation to boundary layer con- 
trol, flutter, buffeting and inlet 
geometry control. 


@ These positions provide a variety 
of unusually interesting opportuni- 
ties as our equipment is already 
scheduled for a number of super- 
sonic aircraft and missiles, offering 
exceptional diversification in the 
aerodynamic field. 


CONSIDER 
THESE 
ADVANTAGES 


@ Minneapolis, the city of lakes and 
parks, offers you metropolitan living 
in a suburban atmosphere. No 
commuting. 


@ Your travel and family moving 
expenses paid. 


@ Salaries, insurance-pension pro- 
grams, plant and technical facilities 
are all first-rate. 


WRITE TO US 


If you are interested in a permanent 
position with a sound, diversified 
growth company, call collect or send 
your resume to Bruce Wood, Dept. 
JP-5-100, 2600 Ridgway Road, 
Minneapolis 13. 


Honeywell 
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Traid Corporation 
Offers a Full Line of 


High Speed ELECTRIC = 7, j ig EN GINEER’S 


and Military rsonnel files of i 

Instrumentation Systems§ STANDARD 


TRAID 500 — 
16mm High Speed 
200 fps, Scoring Camera 


Senior | - 


*Actual Case History — change in name only 


OPPORTUNITY 


00 For research and testing on 

16 High Speed 200 fps, 

Riding rockets, guided missiles and TO SUCCEED. ee 

Camera (film usable after jets. Fifteen ranges, up to Rewards by Merit 

1000 gs of shock) 10,000 P.S.1. 


Aircraft research and test men Engineers at all levels of experience are 


have long needed a pressure tele- given the opportunity to develop fully 
their skills and explore their interests . .. 
resolution and stability of cali- pe 
bration. The new Taber Teledyne to assume responsibility ... and to ne 
is the answer to stringent require- through achievement. Every six months the 
ments. Its rugged construction engineer's record is reviewed to evaluate 
with bonded strain gage will with- his ability. With a variety of projects in- 
stand shock and vibration under volving jet aircraft accessories, as well as 
extreme operating conditions. i m 
High frequency response and 9 pansion 
linear output over full pressure created openings for engineers in: \ 
range. High load be 
vided in all © DESIGN DEVELOPMENT i 
pressure chamber for strength and @ TEST @ GICAL and/ 
corrosive protection. Tempera- e METALLURGICAL and/or 
AUTOMAX G-1 CAMERA — ture compensation for zero shift CHEMICAL ty 


and sensitivity change. Easily 


disassembled. 


35mm Data Recorder — 
“Scope” Reader 


raid 
CORPORATION 


For further information on these 
cameras‘or other instruments write 
Dept. A., Traid Corporation, 4515 

Sepulveda Blvd., Sherman Oaks, Calif. 


Write for Illustrated Literature Please send resume 


to Mr. Kellogg Smith 


HAMILTON STANDARD 


an 


TABER INSTRUMENT CORPORATION 
SECTION 211 
111 Goundry St., N. Tonawanda, N.Y, 


MIN 


DIVISION OF UNITED AIRCRAFT CORPORATION 
49 Bradley Field Road, Windsor Locks, Connecticut 
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Rocket engine 
test and evaluation 


This position calls for a rare combina- 
tion of leadership and technical knowl- 
edge. You'll be the liaison between 
advanced rocket engine test and design 
teams at the Aircraft Gas Turbine 
Division of General Electric—the 
world’s largest privately-owned air- 
craft propulsion center. Positions open 
in Cincinnati, Ohio and in Malta, 
Ballston Spa, New York 


In addition to planning and participat- 
ing in static and flight testing of ad- 
vanced rocket engines, you will author- 
ize expenditures of funds and recom- 
mend design and installation changes. 


This is a stepping-off spot for enhanc- 
ing your professional stature. Stimu- 
luting creative associates. Wide-rang- 
ing company benefits. High starting 
salary. 


Please send resume to: 


MR. BRUCE MATHEWS 
Technical Recruiting, Bldg. 100 
Aircraft Gas Turbine Div. 


GENERAL @@ ELECTRIC 


Cincinnati 15, Ohio 


fully 

Stuck? 

we Got problems in design 

pe: miniaturization that remind 
you of this? Send for the 

NT 


inside info on how over 500 
or types and sizes of M.P.B.’s 


\ such as these will help to 
make things easier 
and easier and easier. 


Tea | MINIATURE PRECISION BEARINGS, INC. 


_—— 20 Precision Park, Keene, N. H. 
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ONE OF A SERIES — depicting Rocketry — ‘‘Yesterday, Today and Tomorrow” 


from the tartar wall to the moon 


The Battle of Kai-fung-fu in 1232 ... Ft. McHenry in 1814 . . . Goddard's 
experiments in 1920... the supersonic Bell X-1 in 1947 . . . these were mile- 
stones in rocketry. Slowly evolving into today’s potent weapon, the rocket is 
still more than a weapon . . . it is man’s escape route into space. 


Before this frontier can be achieved, tremendously complex problems must 
be solved. Intriguing problems that challenge the ingenuity of even the most 
creative engineer. These problems are being solved every day by Bell Aircraft’s 
engineering teams. 


Bell’s rocket engine division has designed and built numerous successful 
rocket engines for different Army, Navy and Air Force projects, including the 
Nike and Rascal guided missiles. In a continuing research program complete 
facilities are available, including 44 test cells capable of conducting over 400 
test runs a month. 


For the imaginative engineer with a sincere interest in his professional 
future and a wide choice in career opportunities, contact .. . 


MANAGER, ENGINEERING PERSONNEL 


e@ RESEARCH ENGINEER — heat transfer and 
fluid mechanics 


e GROUP ENGINEER — heat transfer and 
fluid mechanics 


e AERONAUTICAL AND MECHANICAL 
ENGINEERS 
e ROCKET TEST ENGINEERS 


DEPT. 20N ¢ P.O. BOX 1 e BUFFALO, N. Y. 
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‘ SYSTEM DEVELOPMENT PLAN 


= 


WEAPON SYSTEM 
OPERATIONAL CONC 


AUR TRANSPORT 
TACTICS 


: Systems Analyst Jobe Jenkins (standing) 
3 discusses planning on a new weapon 


MI I fo BO LE WE AP O N systems project with research and ; 


development personnel involved in initial 
development activities. From left to > 


ight: E. A. Blasi, antenna; G. D. Schott, 
SYS TE MI LAN NIN G flight control; W. D. Van Patten, 


command guidance; Jenkins; H. R. Senf, 


electronic research; W. F. Main, radar; I 

The successful development of advanced missile weapon 

systems demands a high order of creative planning advanced systems design. ¥ 

and coordination between scientists and engineers in virtually Z 
ne every field. Individual efforts must fit smoothly into ‘ : 
group progress covering a span of years. . vi 

At Lockheed Missile Systems Division, regular planning 7 
conferences coordinate the progress of weapon systems He 
development — from initial operations research and systems Gedbbed Fh 
analysis to operational use. MISSILE SYSTEMS DIVISIO§ 
research and engineering staff Vary 

Significant new activities at Lockheed have created on 

openings for those able to contribute to group efforts of 

utmost importance. Please address inquiries to bits 


the Research and Engineering Staff at Van Nuys. CALIFORNIA 
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Jet Propulsion Engines 


Design Criteria for Axisymmetric and 
Two-Dimensional Supersonic Inlets and 
Exits, by James F. Connors and Rudolph 
C. Meyer, NACA TN 3589, Jan. 1956, 42 


Controls Battle the Stratosphere, by 
John \V. Segraves, Automatic Control, vol. 
6, Dec. 1955, pp. 13-15. 

Allison’s ‘‘Flexible’? Commercial Tur- 
boprop, Aviation Age, vol. 25, Jan. 1956, 
pp. 32-33. 

Why Did the Dart Succeed? by R. J. 
Shire, Aviation Age, vol. 25, Jan. 1956, pp. 
3445. 

Armstrong Siddeley Sapphire, Flight, 
vol. 69, Jan. 6, 1956, pp. 17-20. 

Investigation of Far Noise Field of Jets, 
Part 1: Effect of Nozzle Shape, by Ed- 
mund §. Callaghan and Willard D. Coles, 
NACA TN 3590, Jan. 1956, 44 pp. 

Investigation of Far Noise Field of Jets, 
Part 2: Comparison of Air Jets and Jet 
Engines, by Willard D. Coles and Ed- 
mund [2. Callaghan, NACA TN 3591, Jan. 
1956, 19 pp. 

The Rolls-Royce Avon Family, Aero- 
plane, vol. 89, Dec. 16, 1955, pp. 944-957. 

Bristol Olympus, Flight, vol. 68, Dec. 9, 
1955, pp. 869-876. 

Quietest Helicopter Engine, by Ran- 
dolph Hawthorne, Aviation Age, vol. 24, 
Dec. 1955, pp. 28-29. 

The Ram Jet—A Practical Power Plant, 
by Thomas K. Ewen, J. Amer. Soc. Naval 
Engrs., vol. 67, Nov. 1955, pp. 945-954. 
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Rocket Propulsion Engines 


Modern Techniques in Solid Rocket 
Engineering, by George S. Sutherland, 
hays Digest, vol. 72, Jan. 1956, pp. 46-52, 

, 06. 

Some Considerations on Propellant 
Mass Flow of a Flying Missile, by G. Tine 
(inItalian), Aerotecnica, vol. 35, Oct. 1955, 
pp. 260-266. 

Experimenting With Rocket System 
Stabilizers, by Y. C. Lee, A. M. Pickles, 
and C. C. Miesse, Aviation Age, vol. 25, 
Jan. 1956, pp. 110-115. 

Nozzle-Plate Tolerances for Spinner 
Rockets, by John W. Cell, North Carolina 
State Coll., Oct. 1955, 25 pp. 

Test of the ARO, Inc., Hydrogen-Air 
Rocket Model in the 12-Inch Supersonic 
Wind Tunnel, by Joseph R. Bruman, Calif. 
Inst. Tech., Jet Prop. Lab. Rep. SWT 12-57, 
Feb, 10, 1954. 
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Heat Transfer and 
Fluid Flow 


Preliminary Investigation of a Per- 
forated Axially Symmetric Nozzle for 
Varying Nozzle Pressure Ratios, by Eli 
Roshotko, NACA RM E52J27, Jan. 1953, 
( from Confidential, Dec. 
y 

Mass Transfer Cooling in a Laminary 
Boundary Layer With Constant Fluid 
Properties, by J. P. Hartnett and E. R. G. 
kert, Minnesota Univ. Heat Transfer 


May 1956 


staff 


NYV 


Technical Literature Digest 


M. H. Smith, Associate Editor, and M. H. Fisher, Contributor 
The James Forrestal Research Center, Princeton University 


Lab., TR No. 4 (Off. Sci. Res. TN-55-375), 
Oct. 1955, 50 pp. 

Procedure for Calculating Turbine 
Blade Temperatures and Comparison of 
Calculated With Observed Values for Two 
Stationary Air-Cooled Blades, by W. 
Byron Brown, Henry O. Slone, and Hadley 
T. Richards, NACA RM E52H07, Sept. 
1952, 38 pp. (Declassified from Confiden- 
tial, Dec. 2, 1955.) 

Analysis Study of Losses at Off-Design 
Conditions for a Fixed-Geometry Turbine, 
by Werner L. Stewart and David G. 
Evans, NACA RM E53K06, Feb. 1954, 
48 pp. (Declassified from Confidential, Dec. 
2, 1955.) 

Interstage Surveys and Analysis of Vis- 
cous Action in Latter Stages of a Multi- 
stage Axial-Flow Compressor, by William 
B. Briggs and Charles C. Giamati, NACA 
RM E52112, March 1953, 51 pp. (De- 
classified from Confidential, Dec. 2, 1955.) 

Three-Dimensional Flow in Axial Tur- 
bomachines With Large Stream Vorticity, 
by W. D. Rannie, NATO, Advisory 
Group for Aeron. Res. and Dev. Traveling 
Seminar, June 16-July 16, 1955, pp. 1-6. 

The Optimum Shape for Axisymmetrical 
Supersonic Nozzles, by Gottfried Guder- 
ley, Zeitschr. fiir Flugwissenschaften, vol. 3, 
Sept. 1955, pp. 305-313 (in German). 

Measurement of Total Emissivities of 
Gas-Turbine Combustor Materials, by 
8S. M. DeCorso and R. L. Coit, Trans. 
ASME, vol. 77, Nov. 1955, pp. 1189-1198, 

Turbulent Heat Transfer and Friction 
in the Entrance Regions of Smooth Pas- 
sages, by R. G. Deissler, Trans. ASME, 
vol. 77, Nov. 1955, pp. 1221-1234. 

An Approximate Solution of Compres- 
sible Turbulent Boundary-Layer Develop- 
ment and Convective Heat Transfer in 
Convergent-Divergent Nozzles, by D. R. 
Bartz, Trans. ASME, vol. 77, Nov. 1955, 
pp. 1235-1246. 


The Influence of Curvature on Heat 
Transfer to Incompressible Fluids, by 
Frank Kreith, Trans. ASME, vol. 77, 
Nov. 1955, pp. 1247-1256. 


Heat and Mass Transfer in Spray Dry- 
ing, by W. R. Marshall, Jr., Trans. ASME, 
vol. 77, Nov. 1955, pp. 1377-1394. 


Thermal Conductivity of Gases, by F. G. 
Keyes, Trans. ASME, vol. 77, Nov. 1955, 
pp. 1395-1396. 

New Mach Tables for Ram-Jet Flow 
Analysis, y = 7/5 and y = 9/7, by E. C. 
Kennedy, Ordnance Aerophys. Lab. OAL 
Mem. 50-1 (CF-1798-A), Aug. 1955, 197 
pp. 

A Survey of Unclassified Axial-Flow- 
Compressor Literature, by Howard Z. 
Herzig and Arthur G. Hansen, NACA RM 
E55H11, Nov. 1955, 88 pp. 


A Review of Net Boiling Heat Transfer 
and Pressure Drop From the Literature, 
by H. A. Roberts. Gt. Brit., Atomic 
Energy Res. Estab., A.E.R.E. ED/M.22, 
Aug. 1955, 33 pp. 

Analysis of Isothermal Variable Area 
Flow, by I. Carl Romer, Jr., and Ali Bu- 
lent Cambel, Aircraft Engng., vol. 27, Dec. 
1955, pp. 396-399. 

Acoustic Analysis of Ram-Jet Buzz, by 
Harold Mirels,s NACA TN 3574, Nov. 
1955, 33 pp. 


Combustion 


Flame Structure Studies. III. Gas 
Sampling in a Low-Pressure Propane-Air 
Flame, by Raymond Friedman and Joseph 
A. Cyphers, J. Chem. Phys., vol. 23, Oct. 
1955, pp. 1875-1880. 

Gaseous Detonations. VII. A Study of 
Thermodynamic Equilibration in Acetyl- 
ene-Oxygen Waves, by G. B. Kistiakow- 
sky and Walter G. Zinman, J. Chem. 
Phys., vol. 23, Oct. 1955, pp. 1889-1894. 

Steady-State Burning of a Liquid Droplet. 
I. Monopropellant Flame, by Jack Lorell 
and Henry Wise, J. Chem. Phys., vol. 23, 
Oct. 1955, pp. 1928-1932. 

Combustion Stability in Rocket Motors 
With Bipropellants; Low Frequency Os- 
cillatory Phenomena, by E. Macioce, 
L’ Aerotecnica, vol. 35, June 1955, pp. 144— 
151 (in Italian). 

The Gas Phase Oxidation of Ammonia 
by Nitrogen Dioxide, by Willis A. Rosser 
and Henry Wise, Calif. Inst. Tech. Jet. 
Propulsion Lab. Prog. Rep. 20-273, Sept. 
1955, 13 pp. 

Rate of Burning of Composite Solid 
Propellants, by Z. Alterman and A. 
Katchalsky, Bull. Israel Res. Council, vol. 
5A, no. 1, Nov. 1955, pp. 46-51. 

The Decomposition, Oxidation, Ignition, 
and Detonation of Fuel Vapors and Gases. 
XXVIII. The Thermal Decomposition of 
n-Pentane as Affected by the Flow Con- 
figuration in King Reactor No. 10, by H. 
Shanfield and R. O. King, Can. J. Tech- 
nology, vol. 34, Jan. 1955, pp. 10-20. 


Chemical Factors in Propellant Ignition, 
by Melvin A. Cook and Ferron A. Olson, 
AIChE J., vol. 1, Sept. 1955, pp. 391-400, 


Behavior of Sodium Chloride During 
the Combustion of Carbon, by K. H. 
Brinsmead and R. W. Kear, Fuel, vol. 35, 
Jan. 1956, pp. 84-93. 

Properties of Fires of Liquids, by D. J. 
Rasbash, Z. W. Rogowski, and G. W. V. 
Stark, Fuel, vol. 35, Jan. 1956, pp. 94-107. 


Some Results of Studies of Ignition and 
Burning of Liquids, by M. Barrére and 
A. Moutet (in French); Recherche Aéron., 
no. 48, Nov.-Dec. 1955, pp. 27-34. 

Equations of a Simple Flame Solved by 
Successive Approximations to the Solu- 
tion of Integral Equations. I. First Order 
Reaction. II. Second Order Reaction. 
III. Simple Non-Branching Chain Reac- 
tion Flame. IV. Simple Ideal Flame 
Model Suggested by the HBr Flame. V. 
Simple Ideal Branching Chain Reaction 
Flame, by G. Klein, Project Squid, Tech. 
Rep. WIS-1-R, July and Aug. 1955, 140 
pp. (Available only on microcards. ) 

Derivation of the Flame Equations, 
Their Transformation and a Suggested 
Method of Their Solution, by G. Klein, 
Project Squid, Tech. Rep. WIS-2-R, Nov. 
1955, 92 pp. (Available only on micro- 
cards. ) 


The Combustion Problems in Aircraft 
Gas Turbines, by R. A. Tyler and B. W. 
Prior, Canada, Nat. Res. Counc. Div. 
Mech. Engng. Quart. Bull., Oct. 1—Dec. 31, 
1955, pp. 1-12. 

Flame Velocities of Four Alkylsilenes, 
by Melvin Gerstein, Edgar L. Wong, and 
Oscar Levine, NACA RM E51A08, March 
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USE VACUUM INSULATED 


_ STORAGE AND TRANSPORT CONTAINERS 


produced by 


FOR LIQUEFIED OXYGEN OR NITROGEN 


IN 50 TO 
4000 GALLON 
CAPACITIES 


STATIONARY UNITS 


ROADABLE TRAILERS 


SEMI-TRAILERS 
MODEL LOX 150 SHOWN 


CRYOGENIC DIVISION 


RONAN KUNZL, INC. 


MARSHALL, MICHIGAN 1620 WILSHIRE BLVD., SANTA MONICA, CALIF, 
ILLUSTRATED LITERATURE IS AVAILABLE. WE INVITE YOUR INQUIRY. 


for PRECISE Flow Measurement 
in TOUGH APPLICATIONS... 


Wough 


TURBINE FLOW METERS 
offer these exclusive features to satisfy 
your exacting flow measurement requirements: 

® Measure trickles (.065 GPM) or torrents 

(6000 GPM) to 12% of flow rate. 

® Pressure drop is low (2.5 to 4.5 psi) at 

full rated flow in standard models — even 

lower in others. 

© Simple rugged design permits main- 

tenance-free operation under extremes 

of temperature, vibration and pressure. 

® Light-weight turbine rotor instantly 
2 reacts to changes in flow rate, permitting 

accurate transient measurements. 


Be sure to visit our 
Booth No. 1719 —11th Annual 
Instrument-Automation Exhibit 

Coliseum, New York 

September 17-21, 1956 


: A»wide variety of flow rate indicators and 


recorders}and flow totalizers are available. 


ENGINEERING COMPANY 
FLUID FLOW MEASURING EQUIPMENT. 


7842 BURNET AVENUE, VAN NUYS, CALIFORNIA—STonley 7-8491 
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1951, 14 pp. (Declassified from Confiden- 
tial, Feb. 10, 1956.) 

Effect of Additives on Flame Propaga- 
tion in Acetylene. III, by M.S. B. Mun- 
son and C. Robbin, Univ. of Texas, TN 17 
(Off. Sci. Res. TN-55-17), Jan. 1955, 11 


p. 

Relation of Turbine-Engine Combus- 
tion Efficiency to Second-Order Reaction 
Kinetics and Fundamental Flame Speed, 
by J. Howard Childs and Charles C, 
NACA RM E54G23, Aug. 1954, 
37 pp. (Declassified from ‘Confidential 
Feb. 10, 1956.) 


Fuels, Propellants, 
and Materials 


System Ozone-Oxygen, by A. C. Jen- 
kins, F. §. DiPaolo and C. M. Bir«sall, 
J. Chem. Phys., vol. 23, Nov. 1955. pp. 
2049-2054. 

Near Infrared Spectrum of Liquid Di- 
—— by Harold C. Beachell and Eugene 

. Levy, J. Chem. Phys., vol. 23, Nov. 
1955, pp. 2168-2170. 

The v; Infrared Band of Ammonia, by C. 
Cumming, Can. J. Phys., vol. 33, Nov. 
1955, pp. 635-639. 

Alloys for Use at High Temperatures, by 
W. Betteridge, Brit. J. Appl. Phys., vol. 6, 
Sept. 1955, pp. 301-306. 

Reactions of Atomic Hydrogen With 
Ozone and With Oxygen, by J. D. McKin- 
ley, Jr., and David Garvin, J. Amer. 
Chem. Soc., vol. 77, Nov. 20, 1955, pp. 
5802-5805. 

The log p, W Diagrams of Carbon 
Monoxide and Oxygen, by W. H. Keesom, 
A. Bijl, and J.F.A.A. van Ierland, Appl. 
Sci. Res., Sect. A, vol. 5, no. 5, 1955, pp. 
349-358 (in French). 

Average Bond Energies Between Boron 
and Elements of the Fourth, Fifth, Sixth, 
and Seventh Groups of the Periodic 
Table, by Aubrey P. Altschuller, NACA 
RM E55127a, Nov. 1955, 7 pp. 

Theoretical Performance of Mixtures of 
Liquid Ammonia and Hydrazine as Fuel 
With Liquid Fluorine as Oxidant for Rocket 
Engines, by Sanford Gordon and Vear! N. 
Huff, NACA RM E53F08, July 1953, 
43 pp. (Declassified from Confidential, 
Dec. 2, 1955.) 

Considerations in the Adaptation of 
Low-Cost Fuels to Gas-Turbine-Powered 
Commercial Aircraft, by Henry C. Barnett 
and Richard J. McCafferty, NACA RM 
E53H05, Oct. 1953, 59 pp. (Declassified 
from Confidential, Dee. 2, 1955.) 

Ignition-Delay Characteristics in Modi- 
fied Open-Cup Apparatus of Several Fuels 
With Nitric Acid Oxidants Within Tem- 
perature Range 70° to —105°, by Riley 
O. Miller, NACA RM E51J11, Dee. 
1951, 30 pp. (Declassified from Confi- 
dential, Dec. 2, 1955.) 

Fuels for Rockets, by E. A. Smith, 
Aeronautics, vol. 33, Nov. 1955, pp. 26-28. 


Volumetric and Phase Behavior in the 
Nitric Acid-Nitrogen Dioxide-Water Sys- 
tem, by H. H. Peamer, W. H. Corcoran, 
and B. H. Sage, Calif. "Inst. of Tech. Jel. 
Prop. Lab. Prog. Rep. no. 20-270, July 
1955, 20 pp. 

Making a Hazardous Chemical: Am- 
monium Perchlorate, Chem. Engng., vol. 
62, Dec. 1955, pp. 334-337. 


I. Safe Handling of Liquid Hydrogen in 
the Laboratory. II. UCRL Safety Pre- 
cautions for the Hydrogen Bubble Cham- 
ber, by C. R. Wintersteen and R. C. 
Mathewson, Calif. Univ. Radiation Lab., 
UCRL-3072, July 1955, 17 pp. 
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AIR-TO-AIR 

AIR-TO-SURFACE 

SURFACE-TO-SURFACE 
¢ SURFACE-TO-AIR 


Since the very inception of guided 
missiles, Federal Telecommunication 
Laboratories has been intensively en- 
gaged in highly specialized research and 
development of complete guidance sys- 
tems, advanced computer techniques, 
printed circuitry, and aerodynamics. 

One of the many FTL firsts was to 
design and manufacture a complete 
printed-circuit missile guidance system. 

FTL has the vast experience and re- 
sources necessary to offer a complete 


A DIVISION OF 


program —all under one roof: 


1. Research and Development. 

2. Engineering. 

3. Pilot Production. 

4. Complete Facilities for Electronic 
and Environmental Testing. 

.+»PLUS the nearby production facilities 

of Federal Telephone and Radio Co., a 

division of IT«T. To help win the most 

critical race of our time, we invite con- 

sultation with our engineering staff. 


FEDERAL TELECOMMUNICATION LABORATORIES 
Nutley, New Jersey 


FIL is presently extending its technical staff and facilities in the guided missile and other allied fields. 
May 1956 
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TO THE FINE ENGINEERING MIND 


ROCKET PROPULSION ENGINEERING 


ROCKET PROPULSION ENGINEERS are offered unusual career opportunities now 
at Convair in beautiful, San Diego, California, including: Design Engineers for 
design and analysis of advanced high performance rocket engine systems and 
components including propellant systems, lubrication systems, control systems, 
mounting structure, and auxiliary power plants; Development Engineers for 
liaison with Engineering Test Laboratories and Test Stations in the planning,. 
analysis, and coordination of rocket engine system and component tests; Devel- 
opment Engineers for coordination with Rocket Engine Manufacturers in the 
installation design, performance analysis, and development tests in conjunction 
with Convair missile programs. Professional engineering experience in rocket 
missiles and aircraft propulsion system development will qualify you for an 
exceptional opportunity. 

CONVAIR offers you an imaginative, explorative, energetic engineering depart- 
ment... truly the “engineer’s” engineering department to challenge your mind, 
your skills, your abilities in solving the complex problems of vital, new, long- 
range programs. You will find salaries, facilities, engineering policies, educa- 
tional opportunities and personal advantages excellent. 


Generous travel allowances to engineers who are accepted. Write at once 
enclosing full resume to: 
H. T. Brooks, Engineering Personnel, Dept. 1417 


ONVAIR 


A Division of General Dynamics Corporation 
3302 PACIFIC HIGHWAY SAN DIEGO, CALIFORNIA 


SMOG-FREE SAN DIEGO, lovely, sunny city on the coast of Southern California, 
offers you and your family a wonderful, new way of life...a way of life judged 
by most as the Nation's finest for climate, natural beauty and easy (indoor- 
outdoor) living. Housing is plentiful and reasonable. 


SEEKING THE CHALLENGING PROJECTS IN 


Structures of Fluorocarbons, Elemen- 
tary Boron, and Boron Compounds, Final 
Report, by J. L. Hoard, Cornell Univ,, 
NYO-7214, July 1, 1955, 17 pp. 

High-Speed Temperature Shaft Seals, 
by J. W. Pennington, T. C. Kuchler, and 
E. J. Taschenberg, SAE Prepr. 687, Jan. 
1956, 12 pp. 

Dynamic Seals for Aircraft Gas Turbine 
Engines, by J. Palsulich and R. H. Ridel, 
SAE Prepr. 685, Jan. 1956, 10 pp. 

Long Range Research Leading to the 
Development of Superior Propellants, 
Mechanism of Burning, Bur. Mines, Div. 
Explosives Tech. Prog. Rep. 58, Apr. 1- 
Sept. 30, 1955, 5 pp. 

Wrought Jet Engine Bucket Alloys, by 
8S. G. Demirjian, SAE Prepr. 660, Jan. 
1956, 4 pp. 

Problems Related to the Introduction of 
Titanium Into Production Turbojet En- 
gines, by J. L. LaMarca and J. L. McCabe, 
SAE Prepr. 694, Jan. 1956, 6 pp. 

Summaries of Physical Research Proj- 
ects in Metallurgy. Part I, 3rd ed, 
Atomic Energy Comm., Tech. Information 
Div., TID-4005, March 1955, 68 pp. 

Titanium Metallurgy. A Bibliography 
of Unclassified Report Literature, by 
Hugh E. Voress, Atomic Energy Comm., 
Tech. Information Div., TID-3039, Supp. 
No. 1, Feb. 1955, 62 pp. 

Structure of Ozone from the Micro- 
wave Spectrum Between 9000 and 45000 
Mc, by Richard H. Hughes, J. Chem. 
Phys., vol. 24, Jan. 1956, pp. 131-138. 

Heats of Combustion of Liquid n- 
Hexadecane, 1-Hexadecene, n-Decylben- 
zene, n-Decylcylohexane, n-Decylcyclo- 
pentane, and the Variation of Heat of 
Combustion With Chain Length, by 
Frances Maron Fraser and Edward J. 
Prosen, J. Res. Nat. Bur. Stands., vol. 55, 
Dec. 1955, pp. 329-333. 

Wear of Materials for High Tempera- 
ture Dynamic Seals, by R. L. Johnson, 
M. A. Swikert, and J. M. Bailey, SAE 
Prepr. 686, Jan. 1956, 7 pp. 

The Fast and Slow Reactions of Hydro- 
gen-Oxygen-Propane Mixtures, by A. 
Levy, Wright Air Dev. Center, Tech. Rep. 
54-137, Feb. 1954, 19 pp. 

Mechanics and Kinetics of the Reaction 
Between Fuming Nitric Acid and/or its 
Decomposition Products and Gaseous 
Hydrocarbons, by Albert L. Myerson, 
Francis R. Taylor, and Barbara G. 
Faunce, Franklin Inst., Quart. Prog. Rep. 
Q-2452-4, May 16—Aug. 15, 1955, 14 pp. 

Kinetics of Fast Reactions, by S. H. 
Bauer, Cornell Univ., Dept. Chem. Tech. 
Rep. 2, Nov. 1, 1952-July 1, 1955. 

The Initiation Step in the Thermal Hy- 
drogen-Oxygen Reaction, by C. R. Patrick 
and J. C. Robb, Trans. Faraday Soc., 
vol. 51, Dec. 1955, pp. 1697-1703. 


Data on the Kinetics of the Decomposi- 
tion of Hydrogen Peroxide in Alkaline 
Medium, by L. Erdy and J. Inezedy (in 
German), Acta Chim., Acad., Sci. Hun- 
garicae, vol. 7, no. 1-2, 1955, pp. 93-115. 


Structure and Reactivity of the Nitrogen 
Dioxide Dinitrogen-Tetraoxide System, 
by Peter Gray and H. D. Yoffe, Quart. 
Reviews, London, vol. 9, no. 4, 1955, pp. 
362-390. 

The Decomposition, Oxidation, Igni- 
tion, and Detonation of Fuel Vapors and 
Gases. XXVIII. The Thermal Decom- 
position of n-Pentane as Affected by the 
Flow Configuration in King Reactor No. 
10, by H. Shanfield and R. O. King, Can. 
‘ . Technology, vol. 34, Jan. 1955, pp. 10- 
0. 


“Flame Propagation in Gaseous Mix- 
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» | 119 AMPLIFIER S 


Carrier Amplifier Units for: 


Resistive transducers 


¥ Linear differential transformer 


55, pickups 


ra Variable reluctance gages 


Self-generating transducers. 


FOR ADDITIONAL 
pp. DETAILS 
ni- WRITE FOR 
a4 | BULLETIN 101-M 


May 1956 


YSTEM —1000 C.p.s. 


linear-Integrating Amplifiers for: 


TWICE THE FREQUENCY RESPONSE—0 


TEN TIMES THE CURRENT OUT pur—so 


«| FOR OSCILLOGRAPHIC 
| RECORDING 


EXCELLENT STABILITY—less than 2%: | 
riation with line voltage fluctuation and 


A DIVISION OF MINNEAPOLIS-— 


HONEYWELL 
5200 E. Evans, Denver 22, Colo. 


All these features—plus many more—have moved Heiland 119 
Amplifier Systems into leadership in the field! 


All operating controls are on the front panel; all cabling is on the 
back panel for handy relay rack or test bench mounting without modification. 


The 119 System is flexible to meet present or future needs, since all 

6 individual amplifier units within the system are easily removable. You 
can build your system from the ground up, adding new individual 

units as your need expands. 


In addition, linear-integrate and carrier units are interchangeable 
within the system case. 


FOR PERFORMANCE AND CONVENIENCE—CHOOSE THE HEILAND 119 AMPiIFIER SYSTEM. 
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New Missile programs are being undertaken 
—research and development teams are 
being formed for Engineering adventure 
almost beyond the most vivid dreams. 
Would you like being a part of CROSLEY’S 
trailblazing? 
You could expect an assignment in one of 
the following fields: 

© Guidance Systems 
Telemetry 
Radar 
Miniaturization 
Control Systems 
Heat Transfer 
Stress Analysis 
Aerodynamics 
Fuzes 
Facilities 
Launching Equipment 
(design and development) 


Special consideration will be given to 
men with advanced degrees. A subsidized 
education program enables CROSLEY 
employees to take additional courses or 
to work towards higher degrees. Liberal 
medical and life insurance, company- 
paid packing, moving, and relocation 
allowance, including 15 days’ subsist- 
ence. For further information send your 
resume to—Dept. Q. 


D. B. Nason 


Vice President and Director 
of Engineering 


GCrostey DIVISION ) 
MANUFACTURING CORPORATION 


2630 GLENDALE-MILFORD ROAD 
EVENDALE, CINCINNATI 1s, OHIO 


"Known For The NEWEST— 
Respected For The BEST” 
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tures Containing Nitrous Oxide as Oxi- 
dant, by J. van Wonterghem and A. van 
Tiggelen, Bull. Soc. Chim. de Belgique, 
vol. 64, Nov.-Dec. 1955, pp. 780-797. 
Research in the Production of Ozone by 
| Mercury Vapor Lamps. I. Experimental 
Studies of Energy Yields. II. The Prob- 
lem of Photochemical Formation of 
Ozone, by A. Munzhuber and E. _Briner, 
| Helvetica Chim. Acta, vol. 38, No. 7, 1955, 


pp. 1977-2026. 


The Evaporation of JP-5 Fuel Sprays in 


| Air Streams, by Hampton H. Foster and 
| Robert D. Ingebo, NACA RM E55K02, 


Feb. 1956, 26 pp. 

Halogen Catalyzed Decomposition of 
Nitrous Oxide, by Frederick Kaufman, 
Norman J. Gerri, and Donald A. Pascale, 


| J. Chem. Phys., vol. 24, Jan. 1956, pp. 


32-34 
The Quenching of Flames of Propane- 


| Oxygen-Argon and Propane-Oxygen- 
| Helium Mixtures, by A. E. Potter. Jr., 


and A. L. Berlad, J. Phys. Chem., vo!. 60, 


| Jan. 1956, pp. 97-103. 


Instrumentation and 
Experimental Techniques 


New Method of Flow Calorimetry, by 
L. G. Hoxton and R. A. Weiss, Rev. Sci. 
Instrum., vol. 26, Nov. 1955, pp. 1058- 
1060. 

The Response Characteristics of Air- 
plane and Missile Pressure Measuring 
Systems, by Harold Vaughn, Aeron. Engng. 
Rev., vol. 14, Nov. 1955, pp. 65-70. 

Some Notes on the Calculation of Pres- 


| sure Pick-Up Sensitivity and the Condi- 


tions for Maximum Sensitivity and the 
Development of a Miniature Pressure 
Pick-Up, by J. K. Friswell, Gt. Brit. Acron. 
Res. Counc. Curr. Pap. no. 199, 1955, 47 pp. 

Analytical Study of Frequency Response 
of Pressure Transducer Systems, by Ar- 
thur G. Presson, Calif. Inst. Tech. Jet Pro- 
pulsion Lab. Rep. no. 20-91, Aug. 1955, 14 


Improvements in the Central Recording 
System Facilities, by Russell F. Stott, 


| Calif. Inst. Tech. Jet Propulsion Lab. 


Mem. no. 20-110, May 1955, 12 pp. 

Photoelectric Method of Recording the 
Change in Time of the Spectra of Flashes, 
by M. P. Vanyukov and L. D. Khazov, 
Atomic Energy Comm. NSF-tr-158, Dee. 
1953 (translated from Doklady "Akad. 
Nauk SSSR, vol. 92, 1953, pp. 523-524). 

Free-Flight Ranges at the Naval Ord- 
nance Laboratory, by Albert May and T. 
J. Williams, Naval Ordnance  Lab., 
NAVORD Rep. 4063, Aeroballistic Res. 
Rep. 295, July 18, 1955, 13 pp. 

Flowmeters for Service with Fuming 
Nitric Acid, by R. D. J. Feasey, Army 
Chem. Center, Chem. Corps, Chem. Radi- 
ological Labs., Interim Rep. CRLR 464, 
Aug. 24, 1955, 24 pp. 

High Temperature Strain Gage Re- 
search, by Francis G. Tatnall, Atomic 
Energy Comm., AECU-3003, Jan. 1955, 
112 pp. 

Review of the Pitot Tube, by R. G. 
Folsom, Mich. Univ., Engng. Res. Inst., 
Nov. 1955, 33 pp. 

A New Bunsen-Type Calorimeter, by 
Ralph S. Jessup, J. Res. Bur. Stands., vol. 
55, Dec. 1955, pp. 317-322. 

Probes for Average Pressure Measure- 


| ments (in French), by L. Viaud, Recherche 
_ Aéron., No. 48, Nov.-Dee. 1955, pp. 23--26. 


Ballistics Test Methods—Strain Gage— 
Status of Electronic Instrumentation for 


| Static Testing (Dumont Model 2588), by 


| J. H. Whitmore and A. G. Moore, Hercules 
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we’ve got it! 


May 1956 


Variety of Engineering Projects... 


Airplanes, Helicopters, Convertiplanes, and 
Guided Missiles. McDonnell engineers are 
presently engaged in fourteen separate 
engineering development projects covering the 

entire spectrum of aeronautical endeavor. 


Variety of Engineering Assignments... 
Preliminary and Advanced Design—Stability 
and Control Analysis—Aerodynamics and¢ 
Hi-Speed Heat Problems—Structural Analysis— 
Flight Test, and many other fields are, 
open. Responsibility ranges from Departt 
Head level—Missile Aeroelasticitygand 
Flutter—to positions for recent 
engineering graduates. 


TAKE YOUR PIG 


Our three engineering divisions 
offer a great variety of assign- 
ments —all charged with tech- 
nological impact and challenge 
to ability. Every effort is made 


ge Write in confidence to: 


TECHNICAL PLACEMENT SUPERVISOR 
P.O. Box 516 «+ St. Louis 3, Missouri 
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le ad g n g Well, then, this might be a good time to get out of the dog 
house and on your way to a big career at Fairchild to 
assist in the engineering of several airplane prototypes 


a dog 's now scheduled. 


Investigate the list of categories below. See where you fit in. 
‘ ife 2 Aircraft Engineers with supervisory experience in one 


or more of these positions: 


Design Project Engineers 


Design Coordinators 


Design Engineers for Sheet Metal Structure, Hy- 
draulic Systems, Landing Gears, Control Systems, 
Equipment and Furnishings, Electrical and Elec- 
tronics Installations, Power Plant Installations 

Stress Engineers for both Sheet Metal Structures and 


Mechanical Systems 
Weight Control 


Layout Designers and Draftsmen 
Project Coordinators and Administrators 
You'll like working at Fairchild, and you'll like living in 


Hagerstown, Maryland—excellent housing, schools, rec- 
reational facilities . . . close to urban Baltimore and 


Washington. 


Send your resume today to Walter Tydon, Chief Engi- 
neer, P. O. Box 134, Hagerstown, Maryland. 


A Division of Fairchild Engine and Airplane Corporation 
++ - WHERE THE FUTURE IS MEASURED IN LIGHT-YEARS! 


«FAIRCHILD 


AIRCRAFT DIVISION * HAGERSTOWN, MARYLAND 
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Powder Co., Tech. Dept., Rep. SUN-270-21, 
April 25, 1955, 81 pp. 

Mass Flowmeter Summation System, 
by Clarence A. Haskell, Inst. Aero. Sci, 
Prepr. 602, Jan. 1956, 10 pp. 

A Precision Servo Type Thermocouple 
Temperature Indicating System, by 
George H. Cole, Inst. Aero. Sct., Prepr, 
607, Jan. 1956, 11 pp. 

Control and Response, by C. Alippi (in 
Italian), Aerotecnica, vol. 35, Oct. 1955, 
pp. 249-259. 

Guide to Instrumentation Literature, by 
W. G. Brombacher, Julian F. Smith, and 
Lyman M. Van der Pyl, Nat. Bur. Stands, 
Cire. 567, Dec. 1955, 156 pp. 

Design Basis for Multiloop Positional 
Servomechanisms, by Sidney Lees, Vass. 
Inst. Tech. Instrum. Lab., Tep. R-96, Dee. 
1955, 43 pp. 

Fundamentals of Servomechanisms, by 
Ira Retow, Elect. Mfg., vol. 57, Feb. 1956, 
pp. 98-106. 

IRE Standards on Pulses; Methods of 
Measurement of Pulse Qualities, 1955, 
Proc. Inst. Radio Engrs., vol. 43, Nov, 
1955, pp. 1610-1614. 

Theories on Bourdon Tubes, by F. B. 
Jennings, Trans. ASME, vol. 78, Jan. 
1956, pp. 55-64. 

Sensitivity and Life Data on Bourdon 
Tubes, by H. L. Mason, Trans. ASME, 
vol. 78, Jan. 1956, pp. 65-77. 

Fundamentals of the Vibratory Rate 
Gyro, by J. B. Chatterton, Trans. ASME, 
vol. 78, Jan. 1956, pp. 123-125. 

Ultrasonic Testing of Small-Diameter 
Tubing with Automatic Recording Equip- 
ment, by W. L. Fleischmann and H. A. F. 
Rocha, Trans. ASME, vol. 78, Jan. 1956, 
pp. 211-216. 

A Study of Basic Limitations to the Con- 
cept and Measurement of Temperature: 
Incomplete Equilibrium, by C. M. Herz- 
feld, Nat. Bur. Stands., Rep. 4420, Jan. 
1956, 14 pp. 

A System Study for a Digital-to-Analog 
Servomechanism, by T. W. Tucker, 
Mass. Inst. Tech. Servomechanisms Lab, 
MIT Engng. Rep. 13, Dec. 27, 1955, 13 
pp. 

An Adiabatic Specific Heat Calorimeter 
for the Range 15°C to 290°C; Progress 
Report, July 1-Oct. 1, 1955, Pittsburgh 
University, Atomic Energy Comm. NYO- 
6328, Oct. 21, 1955, 16 pp. 


Terrestrial Flight, 
Vehicle Design 


Proof Test of Corporal Erector XM-?, 
Serial Number 3029, USA 270628, White 
Sands Proving Grounds, Tech. Mem. 291, 
Jan. 1956, 29 pp. 

Fundamentals of Guided Missile Pack- 
aging; Shock and Vibration Design Fac- 
tors (Naval Research Lab.), Off. Asst. 
Sec. Defense, Res. and Dev., RD 21953, 
July 1955. 

Recovery Systems for Missiles and 
Target Aircraft, by L. G. Killan, Coo! 
Elect. Co., Interim Prog. Rep. PR 3-28, 
Aug. 1-Sept. 30, 1954, 27 pp. 

Calculation of the Trajectory of a Pro- 
jectile Under the Influence of a Cross 
Wind, by Ernst Roth-Desmeules (i! 
German), Zeitschr. Angew. Math. Phys. 
vol. 6, Nov. 1955, pp. 494-497. 

Some Considerations on Propellat! 
Mass Flow of a Flying Missile (in Italian), 
by G. Tine, Aerotecnica, vol. 35, Oct. 1959, 
pp. 260-266. 

The Race for the Intercontinental Bal- 
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Electronic specialists at Ft. Monmouth SCEL Laboratories checking out radar and « 


puting system designed for field use. 


ARMY SIGNAL CORPS ENGINEERING LABORATORIES 
IS A CENTER FOR DEFENSE ELECTRONICS 


The Army Signal Corps Engineering Laborator- 
ies at Fort Monmouth, N. J., is a house of elec- 
tronic miracles. Some 4,400 scientists, engineers 
and technicians at SCEL, and thousands more 
working with SCEL contractors, strive constantly 
to keep the United States preeminent in the elec- 
tronics essential to modern military demands. 

The nerves of today’s fighting forces are elec- 
tronic. Radar guides, traces and detects missiles 
and manned aircraft. It directs friendly artillery 
and pinpoints enemy mortars, or night troop 
movements. It measures speed and direction of 
missiles and vehicles. 


This is one of a series of ads on the technical 102 


activities of the Department of Defense. 


FORD INSTRUMENT COMPANY 
DIVISION OF SPERRY RAND CORPORATION 
31-10 Thomson Avenue, Long Island City 1, New York 

Dayton. Ohio 


Beverly Hills, Cal. ° 


Modern armies need constant and effective 
television, radio and telephone communications. 
They need devices to detect deadly atomic and 
hydrogen radiation. And instruments to predict 
weather around the clock in all the world. 

Development of these and an imposing variety 
of other devices is SCEL’s business. Working 
in close cooperation with its many contracting 
firms, in private industry, both large and small, 
SCEL never ceases striving for the electronic 
perfection that can make the defenses of the free 
world an armor impervious to all assaults. 


ENGINEERS 
of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. 


May 1956 


Skilled machinists at Ford Instrument 
Company, manufacturing precision 
parts for an Army military computer. 


U.S. Army Photograph 
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Augmentive Functions 


more performan 


at less cost 


Solve for: Lift component ‘L' of a total aerodynamic force af -+-90° with 

respect to velocity direction of on aircraft. 

dt dt —A) + 


Difficult problems—even twelfth-order linear differential equations and 
nonlinear equations—are no problem for the 

WEBER GENERAL PURPOSE ANALOG COMPUTER. 
It requires no auxiliary equipment to present dynamic solutions in acous- 
tics, aerodynamics, vibration, thermodynamics, structures, and chemis- 
try. As a simulator, the unit can be used to find operation parameters; 
to study missile trajectory and various aerodynamic factors of yaw. 
pitch, and roll. 


We think it’s the greatest thing since the Model T, and if 


you don’t believe you can get all of this for $8000, give us 
a chance to prove it to you. Write for more information. 


DUAL OPERATIVE TIME, real and fast, with in- 
stantaneous switching and 5” dual beam scope. 


36 POTENTIOMETERS 


SIMPLIFIED EQUATION BOARD eliminates 
programming of problem. 


FUNCTION GENERATOR included as 
standard equipment. 


CABINET DESIGN provides sliding racks 
for individual component housing. 


Heber 


ELECTRONICS 


24 AMPLIFIERS: 


nahin 12 integrating/summation; 12 summation. 


A division of Weber Aircraft, 2820 Ontario Street, Burbank, California 


Senior Engineers. Engineers, 
and Associate Engineers, 


Immediate openings for 


ENGINEERS 
MRMA in 


INERTIAL 


ARMA, recognized for its accomplishments in the fields of 
navigation and fire control, is a leader in the development of 
Inertial Navigation. This new system deals solely with space, time 
and acceleration . .. acting independently of external influences. 


Supervisory and Staff 
positions as well as for 


Creative engineering of the highest order is required to develop 
components making Inertial Navigation possible: accelerometers 
to measure acceleration ; integrators to convert this information 


experienced in: 


SYSTEMS EVALUATION 


5 GYROSCOPICS into velocity and distance; gyros to provide directional 
course- r and distance-to-go. Components must mee 
ACCELEROMETERS rigid weight and size requirements... and function with 
TELEMETRY undreamed-of accuracy. 
GUIDANCE SYSTEMS 
STABILIZING DEVICES ARMA, one of America’s largest producers of ultra-precise 
SERVOMECHANISMS equipment, offers unlimited for to 
MATI help in this great endeavor. Challenging projects and ARMA’s 
raieaaaiies extensive supplementary benefits make an ARMA 
OPTics career doubly attractive. 
ENVIRONMENTAL RESEARCH ARMA engineers are currently working a 48 hour week at 
TRANSFORMERS premium rates to meet a critical demand in the Defense 
RELIABILITY Dept’s missile program. Moving allowances arranged. 
WEIGHT CONTROL 


Send resume in confidence to: 

Technical Personnel Dept. 2-500 

Division of American Bosch Arma Corporation 
Roosevelt Field, Garden City, Long Island, N. Y. 


listic Missile, by T. F. Walcowicz, Air 
Force, vol. 39, Feb. 1956, pp. 33-37. 

Experimental Determination of Motion 
of M33 Spinner Rockets During Burning, 
by G. C. Caldwell and R. E. Dietrick, 
North Carolina State Coll., Rep. 2, June 21, 
1955, 56 pp. 

Mathematical Studies of the Motion of 
a Spin-Stabilized Rocket During the 
Burning Period, by W. J. Harrington, 
= orth Carolina State Coll., April 22, 1955, 

pp. 


Astrophysics, Aerophysics, 
Space Flight 


The Mouse, a Minimum Orbital Un- 
manned Satellite of the Earth for Astro- 
physical Research, by S. Fred Singer, 
Astronautics, vol. 2, Fall 1955, pp. 91-97. 

Power Transformer for the Moon, y G. 
Camilli, Astronautics, vol. 2, Fall 1955, pp. 
98-99, 118. 

Acceleration Force and the Space Pilot, 
by J. J. Raffone, Astronautics, vol. 2, Fall 
1955, pp. 100-104. 

General Characteristics of Satellite Ve- 
hicles, Part II, by Norman V. Petersen, 
Astronautics, vol. 2, Fall 1955, pp. 105-110. 

On the Cooling of the Upper Atmosphere 
After Sunset (at 100 to 380 km), by Arnold 
N. Lowan, J. Geophys. Res., vol. 60, Dee. 
1955, pp. 421-429. 

‘‘Empty’’ Space, by H. C. van de I Iulst, 
Sci. Amer., vol. 193, Nov. 1955, pp. 72-80. 

The Proton Component of Cosmic Rays 
at 3200 Meters Above Sea Level, by N. M. 
Kocharian, J. Exper. Theor. Phys., USSR, 
vol. 1, no. 1, July 1955, pp. 128-134. 

Speculations on Hazards of Exposure to 
Radiation, by John Keosian, Science, vol. 
122, Sept. 30, 1955, pp. 586-587. 

Some Photometric Observations of 
Auroral Spectra, by D. M. Hunter, J. 
Atmos. Terres. Phys., vol. 7, Sept. 1955, pp. 
141-151. 


Atomic Energy 


Nuclear Power Reactor Control, by R. 
James Stone and J. James Stone, Jr., 
Battelle Tech. Rev., vol. 5, Jan. 1956, pp. 
7-11. 

Fuel Elements for Nuclear Reactors, by 
S. B. Roboff and L. Smiley, Sylvania 
Technologist, vol. 9, Jan. 1956, pp. 2-6. 

Dynamics and Control of Thermal Reac- 
tors, Atomic Energy Comm., AECD-3658, 
Sept. 1953, 44 pp. 

The Determination of U?* Burn-Out in 
Fuel Rods, by M. W. Holm, Atomic 
Energy Comm., IDO-16036, Feb. 1953, 19 


pp- 

Heat Transfer Analysis of Internally- 
Externally Cooled Cylindrical Fuel Ele 
ments for Nuclear Reactors, by F. E. 
Tippets, Atomic Energy Comm., HW- 
33434, Oct. 1954, 39 pp. 

Fundamental Chemistry for Nuclear 
Reactor Engines, by Sigford Peterson, 
R. W. Stoughton, William F. Kieffer, and 
S. A. Reynolds, Atomic Energy Comm. 
Tech. Information Div., TID-5260, May 
1955, 98 pp. 

Some Notes on the Theory of Thermal- 
Neutron Reactors, by J. D. Stewart, Can. 
J. Phys., vol. 34, Jan. 1956, pp. 20-23. 

The Use of Sodium and of Sodium: 
Potassium Alloy as a Heat Transfef 
Medium, by W. B. Hall and T. I. M 
Crofts, Chartered Mech. Engr., vol. 3, Jan. 
1956, pp. 40-41. 
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PLAN FOR 
| PRECISION 


by G. 

‘ MEASUREMENT 

FLOW MEAS 

Pilot, 

2, Fall \ 

te Ve- \ THROUGHOUT THE AIRCRAFT INDUSTRY, bearingless Pottermeters are delivering 
ersen, accurate flow data during testing of aircraft, engines, rocket motors, and hydraulic 
5-110, systems. 

sphere 

Arnold 4 LINEARITY WITHIN %% over an exceptionally wide range, as well as long life in 
Dee. difficult service, is obtained through hydraulic positioning of the unique “floating 
Hulst ‘ ; rotor”. This patented design feature, found only in the Pottermeter, completely 
72-80), ae eliminates thrust friction and does away with inaccuracy and maintenance prob- 
; Rays ‘eo lem due to bearing wear. 

rash TY APPLICATIONS include reciprocating, jet and rocket engine test cells and 
1, ey flight test work. Pottexmeters are also in wide use in handling aircraft and 
ure ; ‘ rocket fuels, acids, liquefied gases and abrasive suspensions. 

Vol. 

+ WRITE for bulletin S-1 giving a complete description and performance data. 
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K15300 D.C. 
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GENERAL 
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REQUEST 
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STOP CLOCKS 


withstand rugged conditions, voltage and temperature 
variations, with unfailing performance. Used where time 
intervals must be accurately measured and electrical 
reset is desired. 

Voltage Range—Motor and Clutch Coil: 20-30 Volts D.C. 
Temperature Range—From —55°C. to 85°C. 

Maximum Current Requirement—475 Milliamps at —55°C. 
and 30 Volts D.C. 
Accuracy—+0.10% of reading +20ms @ 20°C. 
+0,20% of reading +20ms from —55°C. to 85°C. 
Reset Time—3 seconds maximum. 
Dielectric Test—140 Volts RMS-60 CPS or 200 Volts D.C. 
for 1 minute. 


Meet military specifications. 

Hermetically sealed enclosure and connector. AN connector 
or glass metal header optional. Choice of flange mountings. 
Electrical reset permits local or remote control. 


PREFERRED WHERE PERFORMANCE IS PARAMOUNT. 


248 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electro-Mechanical Timing Devices 


New Electro Energy 
Transducers for Extra 
Sensitivity, High 
Temperature and 
Limited Space 
Requirements 


Without mechanical 
contact, these magnetic 
pickups produce AC 
voltage proportional to 
the rate of motion or 
speed of any nearby 
ferrous metal object. 
Voltage can be used to 
“‘automate”’ electrical 
operations or actuate 
counting, measuring or 
indicating instruments. 
Low price permits use 
in original equipment. 
3015HT— Miniature 
model for high tem- 
peratures up to 500° F. 
$19.50 list 

3010 AN—Standard 
model with Army- 
Navy connector. 

$22.50 list 

3030 HTAN—For high 
temperatures up to 
500° F. Army-Navy 
connector. $29.50 list 


Complete Line of Transducers for 
Speed, Control, Counting Meas- 
urements! Send for Bulletin Tell- 
ing How They Can Work For You! 


ELECTRO PRODUCTS LABORATORIES 
4501-JP North Ravenswood, 
Chicago 40, Ill. 


Canada: Atlas Radio Ltd., Toronto 
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THE Y-4 PERISCOPE BOMBSIGHT used in B-47 Stratojets has 
3,433 parts, nearly 2,000 of them in this head-end assembly alone. General 
Mills manufactures this precision instrument in quantity under a USAF 
prime contract. 


No need to swamp your staff with piece part and assembly problems... 


Let General Mills supply the whole package 


Eliminate the thousands of detail problems in- equipment required to take over the complete job. 
volved in turning out complete electro-mechanical The highest precision standards are maintained in 
assemblies—and save money, too! engineering, manufacture, quality control, packag- 

The Mechanical Division of General Mills is ing and accounting. 
ready to manufacture or purchase component LET US BID on your requirements. Write, wire 
parts, assemble to your requirements, and deliver or phone: Dept. JP-3, Mechanical Division of 
assemblies performance-tested to rigid Government General Mills, Inc., 1620 Central Ave., Minneapolis 
standards—on time. We have the experience and 13, Minn. STerling 9-8811. 


Job opportunities available for creative engineers. Work closely with outstanding men on interesting projects. 
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ENGINEERS of the Vibration Test Laboratory at Caldwell 


The roughest storms or the largest engines couldn’t give 
apropeller-pitch change mechanism the punishment the 
one pictured is taking in the special laboratory at Curtiss- 
Wright Corporation’s Caldwell Propeller Division. Spin- 
ting at speeds up to 1200 RPM, with carefully calibrated 
weights attached instead of propeller blades, the pro- 
peller is subjected to radical blade pitch and speed 
changes. 

The reason for these grueling tests? To study the re- 
sponse characteristics and durability of the mechanism 
which adjusts the propeller-blade pitch to the proper 
angle for any ground or flight condition. 

To record the desired parameters, such as torque, 
voltage, current, and the motion of various components, 


DU PONT 


ISCILLOGRAPHIC PRODUCTS 


REG. U. S. PAT. OFF. 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 


May 1956 


Propeller Division use Du Pont Lino-Writ to check performance of propeller- 


pitch change mechanisms. Every parameter is recorded on Lino-Writ as a clear, high-contrast trace. 


(Photographs courtesy Curtiss-Wright Corporation) 


How to spot propeller-pitch 
change characteristics at 1200 RPM 


electrical impulses are sent to a machine called an oscil- 
lograph — where fine beams of light photographically 
trace data on a moving roll of Du Pont Lino-Writ re- 
cording paper. After the paper is developed, the traces 
are analyzed by Curtiss-Wright engineers to determine 
the effectiveness of the components under test. 

Du Pont makes three speeds of oscillograph record- 
ing papers to help engineers in their battles against 
destructive vibration and stress. Du Pont Lino-Writ can 
be used for many applications — from analysis of gases 
to checking performance of railway freight cars. If you’d 
like more information on these helpful Du Pont engineer- 
ing tools or other products shown, just mail the coupon 
for a fact-filled booklet. 


E. I. du Pont de Nemours & Co. (Inc.) 

Photo Products Department 

2420-17 Nemours Building, 

Wilmington 98, Delaware 

Please send me information about new Lino-Writ 2, other 
photorecording papers, and Lino-Writ processing chemicals. 
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...acomplete military transmitting and receiving station 


The “battle maneuvers” illustrated 
above disclose a new dimension 
in military communication, made 
possible by modern transistor 
developments. 


In his hand the officer holds an RCA 
Transceiver, a complete radio trans- 
mitting and receiving unit—the small- 
est 2-way FM radio ever built. The 
entire walkie-talkie is only 6” x 3” x 
114” in size, with weight, including 
battery and all accessories, of about 
20 ounces. 


The men in the field listen to ‘battle 
instructions” over tiny receiver units 
built inside their helmets. 


With a range of about a quarter mile, 
the RCA Transceiver can be pre-set 


IN THE PALM 
OF HIS HAND 


weighing about one pound! 


for any frequency between 45 and 
52 mcs. Only two controls are used 
and no tuning or adjustment is neces- 
sary during normal use. The receiver 
is an all-transistorized superhetero- 
dyne and the transmitter comprises 
two transistors and one tube, both 
contained in a single unit. 


The feather-lightness and miniature 
size of the transceiver and receiver 
make it possible, for the first time, to 
extend communication to the indi- 
vidual level. It is another instance of 
RCA’s constant search for new and 
better ways of doing things elec- 
tronically. Demonstration and con- 
sultation with RCA field engineers 
throughout the world are invited. 
Call or write. 


DEFENSE ELECTRONIC PRODUCTS 


RADIO CORPORATION of AMERICA 
CAMDEN, N. J. 


RCA Ultra-Miniature¢ 
FM Transceiver 
compared with 
AN/PRC-10 

(Walkie-Talkie) 


TYPICAL MILITARY APPLICATIONS 

® Tactical communications between squad and 
platoon leaders and higher, also with individ: 
ual soldier or marine 

@ Military police and sentry duty 

© Air and sea rescue (unit in survival kits) 

© Guided missile installations (before and after 
take-off) 

@ Communications between maintenance crews, 
fire crews and between crew and control tower 

Medical work (litter bearers to field hospitals} 

. and hundreds of others. 
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Static firing of liquid propellant rocket is de- hicles which still stands, although attempts 

picted. Today’s rockets—both liquid and to beat it are being made by the Aerobee-Hi Variety of activities, illustrating diversity of 
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EDITORIAL 


Mild Crisis, Major Counsel Gave Birth to This Supplement 


NE of Jet Proputsion’s editors, who also happens to 

be a professor occupied with research work in jet pro- 

pulsion, found himself in a small fix a few months ago. He 

was getting ready to run a jet-mixing test and was looking 

for his research assistant—an engineering student. The 

student showed up at the last minute, a sheepish look on his 
face. Out for a coffee break? No. 


“T was being interviewed for a job in X Corporation’s 
missile program. I know it’s the third company this 
week, but I don’t want to miss what might be the best op- 
portunity.” 

This event took place at about the same time that a past 
president of ARS sent a memo to the Secretariat anent an 
interesting article he’d just read on the rocket work under way 
at Z Company. 


“Why don’t we invite all the missile companies to write 
articles on what they’re doing—and put them in a special 
publication? Give the students some perspective. Let 
them know how they fit into the missile picture, how their 
studies relate to what’s going on in research and develop- 
ment, who’s doing what work.” 

“Sure,” he went on, “they can get the answers from com- 
pany representatives on the campus, but how many repre- 
sentatives can a student see and still get his thesis done?” 


And so the project got under way, taking form in this 
Special Supplement. 


subscribers to JET PRoPpuLsION, it is slanted—very definitely— 
to a defined audience: an additional 9496 specific engineer- 
ing and science students who will receive copies because of the 
personal interest that 164 professors expressed in their futures, 

ARS polled 228 professors—chosen from the Society roster 
and from an extremely useful directory of university re- 
search*—who are themselves active in missile research, 
They were asked (1) if they would distribute copies of the 
Supplement to the students they felt were interested in, and 
qualified for the missile field; and (2) how many such students 
they knew. The response: 164 professors, 9496 students. 
ARS thanks these professors sincerely for their cooper:tion 
and commends them for the interest they took in their 
pupils. 

Thanks are due, also, to the 35 organizations which sub- 
mitted articles. There has been no editing done on the copy. 
ARS merely defined the idea for the Supplement to the 
organizations, and relayed some questions which the professors 
felt the students wanted answered. The organizations 
are paying for the space they have used at regular advertising 
rates for Jer Proputston. The editors have acted only to 
maintain uniformity in typographical styling and presentation 
of the material. 


* “Review of Current Research and Member Institutions,” 
1955 edition, published by the Engineering College Research 
Council, American Society for Engineering Education. Copies 
available at $2.00 from Renato Contini, Secretary, ECRC, New 


Although it is being distributed to all ARS members and 


York University, University Heights, New York 53, N. Y. 


An ARS Message to the “9496” 


The 9496 students who receive this 
Supplement will, ARS hopes, eventually 
become 9496 Student Members of the 
Society. In fact, an application form has 
been attached on the last page. You’re 
invited to send it in. 

The Society sincerely commends you 
for your interest in its field and hopes that 
you find a career with one of the organiz- 
ations described in the following pages. 

A word of caution is in order, though. 
Enough talk has been heard about the 
“shortage’’ of engineers and _ scientists 
to impel us to say this: Few, if any, of 
the organizations represented in this pub- 
lication suffer from a shortage of appli- 
cants. What they suffer from is a short- 
age of applicants who are competent to 
handle very difficult problems. 

Rockets, missiles, satellites, space travel, 
nuclear propulsion are intrinsically glam- 
orous fields, but they are practical as well. 
They require competent people whose 
vision goes beyond the pages of the text- 
books they’ve studied. Alas, there are 
no textbooks that can help. 

It is our hope that this compilation of 
articles will assist in linking, in your 
mind, the fundamental studies you are 
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taking in calculus, thermodynamics, phys- 
ics, etc., to the real assignments you’ll 
eventually get: determining heat transfer 
in a rocket combustion chamber; designing 
a turbopump for propellants; developing 
the ballistic path for a long range missile. 

There is a demand for a broad range 
of talents—engineers, mathematicians, 
physicists, chemists; as well as cross- 
breeds like physical chemists, chemical 
physicists, aerothermodynamicists. 

The work you are liable to undertake 
is equally diverse. Below, for example, 
is a listing of titles from recent issues of 
JET Proputsion. It demonstrates how 
theoretical and how practical, how eso- 
teric and how general, how visionary and 
how contemporary, are the subjects occu- 
pying the time of people in the field: 


Theoretical 


“The Effect of Ambient Pressure Oscilla- 
tions on the Disintegration and Dispersion 
of a Liquid Jet’’ 


Esoteric 


“Flight Measurements of Aerodynamic 
Heating and Boundary Layer Transition 
on the Viking 10 Nose Cone’’ 


Visionary 
“Times for Interplanetary Trips” 


Practical 
“Fabrication of Titanium Components” 


General 


“Some New Metallurgical Processes of 
Interest in the Field of High Speed Flight” 


Contemporary 


“Scientific Uses of an Artificial Earth 
Satellite’’ 


Of course, it is unlikely that you will be 
tackling sophisticated assignments right 
off the bat. However, as one eminent 
scientist recently told an ARS meeting: 
“Our organization is forced to place 
heavy responsibility on young people 
these days. The situation has its dis- 
advantages, but it has also caused a 
speedup in the development of some excel- 
lent young scientists and-engineers.”’ 

ARS and, I’m sure, the organizations 
contributing to this Supplement, hope 
that your development will be a rapid one, 
too. 
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Faculty Members who will Distribute Careers Supplement 


University of Alabama 
William B. Stiles 


Alfred University 
W. G. Lawrence 
University of Arizona 
J. B. Cunningham 


University of Arkansas 
M. E. Barker 
R. C. Wray 
Polytechnic Institute of Brooklyn 
Vito D. Agosta 
N. J. Hoff 
W. L. McCabe 
T. P. Torda 
William R. MacLean 
Bucknell University 
George A. Irland 
Hugh D. Sims 
California Institute of Technology 
Fritz F. Zwicky 
University of California 
Antoni K. Oppenheim 


Carnegie Institute of Technology 
David H. Archer 
David Moskovitz 
D. W. VerPlanck 
E. M. Williams 

Case Institute of Technology 
Henry Burlage, Jr. 
J. R. Hooper, Jr. 

Catholic University of America 
M. E. Weschler 


University of Cincinnati 
Odin R. S. Elnan 


Colorado Agricultural & Mechanical College 
John E. Dean 


University of Colorado 
C. L. Eckel 
K. D. Wood 
Columbia University 
Hans Bleich 
John R. Ragazzini 
Cornell University 
Charles R. Burrows 
D. F. Gunder 
H. J. Loberg 
W. R. Sears 
University of Delaware 
James I. Clower 
Robert L. Pigford 
Kurt Wohl 
Milton L. Young 
University of Detroit 
Donald J. Kenney 
Leon S. Kowalezyk 
K. E. Smith 
Georgia Institute of Technology 
Thomas W. Jackson 
Harvard University 
Howard W. Emmons 


Illinois Institute of Technology 
Frank D. Carvin 
Paul L. Copeland 
Gail T. Flesher 
Ralph E. Peck 

University of Illinois 
Andrew I. Andrews 
T. J. Dolan 
H. F. Johnstone 
N. A. Parker 
H. S. Stillwell 
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Iowa State College of A. and M. Arts 
J. F. Downie Smith 
State University of Iowa 
C. J. Major 
The Johns Hopkins University 
Ralph E. Gibson 
Kansas State College 
Linn Helander 
W. H. Honstead 
R. M. Kerchner 
University of Kansas 
T. DeWitt Carr 
University of Kentucky 
Estel B. Penrod 
H. Alex Romanowitz 
Lehigh University 
Frank Kreith 
Massachusetts Institute of Technology 
J. P. Den Hartog 
Charles 8. Draper 
Morton Finston 
Walter McKay 
Edward S. Taylor 
University of Maryland 
George F. Corcoran 
Wilbert J. Huff 
A. Wiley Sherwood 
Charles A. Shreeve, Jr. 
S. F. Singer 
Michigan State University 
I. B. Baccus 
C. F. Gurnham 
University of Michigan 
Richard G. Folsom 
Harry H. Goode 
Richard B. Morrison 
Harold A. Ohlgren 
Alexander Weir, Jr. 
University of Minnesota 
John D. Akerman 
Chien Chang Chien 
Thomas F. Irvine, Jr. 
Richard C. Jordan 
Missouri School of Mines and Metallurgy 
A. W. Schlechten 
University of Missouri 
Donald L. Waidelich 
New Mexico College of A. and M. A. 
Russell K. Sherburne 
University of New Mexico 
Robert J. Ferm 
C. T. Grace 
New York University 
Charles J. Marsel 
James Mulligan 
Frederick Teichmann 
Paul F. Winternitz 
Newark College of Engineering 
Robert H. Rose, 2nd 
Northwestern University 
Ali Bulent Cambel 
University of Notre Dame 
Marcel K. Newman 
Frank F. N. M. Brown 
Ohio State University 
Rudolph Edsey 
University of Oklahoma 
W. L. Cory 
Parks College of Aeronautical Technology 
John C. Choppesky, S. J. 
Pennsylvania State University 
Harold M. Hipsch 


University of Pennsylvania 
J. G. Brainerd 
L. N. Gulick 
M. C. Holstad 
Donald D. Thomas 
Princeton University 
Kenneth H. Condit 
Martin Summerfield 
Richard H. Wilhelm 
Purdue University 
H. M. DeGroff 
Cecil F. Warner 
Maurice J. Zucrow 
Rensselaer Polytechnic Institute 
Joseph V. Foa 
University of Rhode Island 
Warren M. Hagist 
University of Southern California 
H. P. Nielsen 
J. S. Smatko 
Southwestern Louisiana Institute 
Pericle A. Chieri 


Stanford University 
L. S. Jacobsen 
Stephen J. Kline 
J. Kenneth Salisbury 
Stevens Institute of Technology 
Alfred Bornemann 
Bela K. Erodoss 
University of Tennessee 
J. F. Bailey 
R. M. Boarts 
University of Texas 
Jack A. Seanlan 
M. J. Thompson 
University of Toledo 
Andrew A. Fejer 


Tufts College 
Thomas R. P. Gibb, Jr. 
Alvin H. Howell 
Ernest E. Leavitt 
Union College 
Augustus H. Fox 
University of Utah 
E. B. Christiansen 
M. B. Hogan 
Vanderbilt University 
R. T. Lageman 
M. D. Peterson 
Virginia Polytechnic Institute 
John W. Whittemore 
University of Virginia 
Lawrence R. Quarles 
Washington University 
Charles J. Kippenhan 
R. J. W. Koopman 
University of Washington 
James H. Fisher 
Wayne University 
Arthur A. Locke 
Harold Donnelly 
West Virginia University 
H. M. Cather 
W. A. Koehler 
L. Z. Seltzer 
University of Wyoming 
E. J. Lindahl 


Yale University 


Barnett F. Dodge 
F. W. Keator 


3-8 


nts” 
es of a 
ight” 
Barth 
‘ill be 
right 
inent 
ting: 
place 
eople 
dis- 
ed a 
xcel- 


| AMERICAN ROCKET SOCIETY 


OFFICERS BOARD OF DIRECTORS 
President Three-year term expiring on 
NOAH S. DAVIS dates indicated 
Vice-President Treasurer 
ROBERT C. TRUAX ROBERT M. LAWRENCE J. B. COWEN, 1956 H. S. SEIFERT, 1958 
a Executive Secretary General Counsel ANDREW G. HALEY, 1957 
° KURT STEHLING, 
| JAMES J. HARFORD ANDREW G. HALEY S. K. HOFFMAN, 1958 
Secretary Editor-in-Chief H. W. RITCHEY, 1956 CEORGEP. SUTTON, 1956 
A. C. SLADE MARTIN SUMMERFIELD MILTON ROSEN, 1957 |WERNHER von BRAUN, 1957 


FELLOW MEMBERS AWARDS AND RECIPIENTS 


1949—Theodore von Karman C. C. Furnas Robert H. Goddard Memorial Award ARS Student Award 
R. E. Gibson 1948—John Shesta 1948—N. Y. Rothmayer, A. Bern- 
0—Calvi J Mull 1949—Calvin M. Bolster stein, F. D. Linzer, A. Sherman, 
1950—Lovell Lawrence, Jr. City College of New York 
Lovis Dunn a aes 1951—Robert C. Truax 1949—Leon Cooper, City College of 
i G. Edward Pendray 1952—Richard W. Porter New York 
i Fritz Zwick — 1953—David A. Young 1950—E. Knuth and C. Beighley, 
1954—A. M. O. Smith Purdue University 
a K. J. Bossart 1955—E. N. Hall 1951—L. Rosenthal and David Elliott, 
; E. N. Hall California Institute of Tech- 
=a ‘= 1951—Charles E. Bartley S. K. Hoffman C. N. Hickman Award nology “— i 
Benjamin H. Coffman, Jr. A. C. Slade . Foster, Purdue 
Edwin H. Hull Clyde Tombaugh 1953—Alfred Goldenberg, Uni- 
i Chandler C. Ross Elmer Wheaton 1951—William Avery versity of California | 
| H. N. Toftoy L. D. White 1952—A. L. Antonio 1954—No award presented ( 
i 1953—Charles E. Bartley 1955—Richard W. Foster, Purdue 
ee 1954—Harold W. Ritchey University 
1952—William L. Gore 1955—Ali Bulent Cambel 1955—F. S. Miller on | 
Roy Marquardt ARS Astronautics Awa 
John Sloo G. Edward Pendray Award 1954—Theodore von Karman 
2 ernher von Braun Robert H. Jewett 1951—George P. Sutton a 
—M. J. Z 
J. H. Sides James H. Wyld Memorial Award 
E. G. Uhl 1954—Martin Summerfield 1954—Milton Rosen . 
; 1953—Luigi Crocco Paul F. Winternitz 1955—W alter Dornberger 1955—John P. Stapp E 
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SECTIONS AND PRESIDENTS 


Northeastern New York 


Alabama Holl Al gordo Group 
Conrad Swanson, Redstone Arsenal John P. Stapp, Holl Air Development A. H. Fox, Union College 
Antelope Valley Center Northern California 
Richard A. Schmidt, Edwards AFB Indiana A. J. Eggers, Ames Aeronautical Lab., NACA 
Arizona Philip M. Diamond, Purdue University Pacific Northwest 
a Charles J. Green, Hughes Aircraft Co. Maryland Jim C. Drury, Boeing Airplane Co. 
Central Texas William A. Webb, Aircraft Armaments, Inc. Princeton Group 
Elton Rush (acting), Phillips Petroleum Co. National Capital J. Preston Layton, Princeton Univ. 
Chicago J. D. Gilchrist, Aerojet-General Corp. St. Louis 
Gerald M. Platz, Armour Research Foundation New England J. J. Mazzoni, McDonnell Aircraft Corp. 
, Cleveland-Akron Joseph Kelley, Allied Research Assoc., Inc. un Geese 


Walter T. Olson, Lewis Flight Propulsion 
Laboratory, NACA 


Connecticut Valley 
Charles H. King, Jr., United Aircraft Corp. 


Detroit 


Niagara Frontier 
W. M. Smith, Bell Aircraft Corp. 


New Mexico-West Texas 
Russell K. Sherburne, New Mexico College of 


William E. Clark (acting) 


Southern California 
Richard D. Geckler, Aerojet-General Corp. 


Southern Ohio 


Fred Klemach, Nat'l. Des. & Res. Corp. A.&M.A. W. C. Cooley, General Electric (ANP Dept.) 
Florida New York Twin Cities 

R. S. Mitchell, Pan American World Airways Charles J. Marsel, New York University T. F. Irvine (acting), University of Minnesota 
Fort Wayne North Texas Wichita 


Lloyd Wadekamper, Indiana Tech. College 
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George Craig, Convair 


J. F, Reagan, Beech Aircraft Corp. 
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ARS Student Award is presented for the second time to Richard W. Foster at 1955 
Annual Meeting in Chicago. Presentation is made by Commander Robert C. Truax, 
himself an ARS member since his midshipman days at Annapolis, and currently vice 
In foreground is Joseph H. Kaplan, banquet speaker and 
Dr. Kaplan, 


president of the Society. 


chairman of the U. S. National Committee, International Geophysical Year. 


also an ARS member, is a leader of the IGY earth satellite program 


Evolution of a Missile Engineer 


“Student members shall be persons not 
less than 17 years of age whose principal 
occupation is study at a recognized educa- 
tional institution or who are serving as en- 
listed personnel in the Armed Forces of the 
United States, and who are interested in the 
development or application of rocket or jet 
propulsion.’’ (See application form, p.47-S 
and 48-S.) 


Richard W. Foster is a 21-year-old me- 
chanical engineer from Purdue University. 
He is now working on rockets with a lead- 
ing organization in the field. While at 
Purdue, he worked as a research assistant 


THE 
"INDIANA. SUCTION 


AMERICAN 


Foster and Indiana Section President 

Philip M. Diamond are shown at ARS dis- 

play at university carnival. Diamond is 
a graduate student at Purdue 
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under Professor Maurice J. Zucrow at the 
University Rocket Laboratory where, 
among other things, he helped to design 
and build the demonstration rocket engine 
and test stand shown below. A paper he 
wrote on this subject won him the ARS 
Student Award for the second time. He 
had won it in 1952 for a paper on nuclear 
propulsion. 

During his summer vacations from Pur- 
due he worked on rockets with two dif- 
ferent rocket engine manufacturers, 
thereby adding immeasurably to his ap- 
preciation of the value of his college 
courses. 


Rocket engine built by Purdue students 

is seen in action. Firing procedure calls 

for checkoff of 39 operations. Cost of a 
90-second run: $10 


Among the other activities that Foster 
and his fellow ARS Student Members 
participated in at Purdue were: the pub- 
lication of a newsletter containing orig- 
inal technical articles on rockets authored 
by the students themselves; the presen- 
tation of a series of public seminars on 
rocket propulsion, astronomy, celestial 
mechanics, escape from the earth, step 
rockets, interplanetary flight and instellar 
flight; and the preparation of film on ex- 
perimental firings of rocket motors. 


ARS Student Chapters 


There are more than 600 Student Mem- 
bers of the American Rocket Society, 
representing approximately 100 accredited 
educational institutions. 

The first Student Chapter, as such, was 
chartered less than six months ago at the 
University of Michigan in Ann Arbor. 
However, there are several ARS Sections, 
such as the Indiana Section (see left) which 
have consisted preponderantly of Student 
Members for some time. 

Charters have recently been presented 
to four other Chapters and another dozen 
Chapters are in the process of formation. 

Student Chapters govern themselves, 
have their own By-Laws, and receive a 
modest subsidization from the national 
organization, as well as assistance in the 
form of speakers’ lists, film lists, sta- 
tionery, etc. Faculty sponsorship is re- 
quired, and a group of at least 20 Student 
Members is required to form a Chapter. 

Those interested in forming a Chapter 
should first seek faculty sponsorship and 
then communicate with American Rocket 
Society, 500 Fifth Ave., New York 36, 
N.Y. 

The existing Student Chapters are at: 


Academy of Aeronautics, Flushing, N. Y. 

University of Michigan, Ann Arbor, Mich. 

New York University, New York, N. Y. 

Polytechnic Institute of Brooklyn, Brook- 
lyn, N. Y. 

St. Louis University, E. St. Louis, Il. 


Student Award 


J. B. Cowen, Chairman of the 
1956 Awards Committee, has estab- 
lished a deadline date of August 15, 
1956, for entries in this year’s ARS 
Student Award competition. 

Papers may deal with any sub- 
ject within the scope of ARS in- 
terest—rockets, ramjets, space 
flight, combustion, and will be 
judged on the basis of accuracy of 
expression, understanding of the sub- 
ject and originality of thought. 

A medal will be awarded to the 
winner at the Annual Meeting 
Banquet in New York in November. 

Send entries to: 


J. B. Cowen, Chairman 
Awards Committee 
American Rocket Society 
Aerojet General Corporation 
1625 Eye Street, N. W. 
Washington, D.C. 
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Aerojet-General Corporation 


THE Aerojet-General Corporation is 

America’s leading industrial organiza- 
tion devoted to research, development, and 
manufacture of rocket engines and related 
devices. Our principal products are the 
following: solid- and _ liquid-propellant 
rockets for assisted take-off and in-flight 
thrust augmentation of piloted aircraft; 
solid and liquid propellant boosters and 
prime power plants for missiles; thrust 
reversers; auxiliary power units and gas 
generators; upper-atmosphere research 
rockets; underwater propulsion devices; 
electronics and guidance; ordnance rock- 
ets; explosive ordnance, warheads, and 
armament; flame throwers; propellants 
and propellant chemicals; primary bat- 
teries. In addition, Aerojet designs and 
constructs complete rocket and missile 
launching and testing facilities throughout 
North America. Aerojet employs over 
7000, and sales for 1956 exceed $90 million. 


The company’s decentralized organiza- 
tion, indicated by the nine operating divi- 
sions listed below, has been a major cause 
for its leadership in the constantly ex- 
panding rocket powerplant and missile 
field. 


e Liquid Engine Division 

e Solid Engine and Chemical Division 
e@ Manufacturing Division 

e Test and Field Service Division 

e Liquid Rocket Plant, Sacramento 

e@ Solid Rocket Plant, Sacramento 

e Electronics and Guidance Division 
e Architect Engineering Division 

e@ Underwater Engine Division 


Backed by the resources of The General 
Tire & Rubber Co., Aerojet has estab- 
lished a solid foundation for unlimited 
growth in an unlimited industry. Led by 
president Dan A. Kimball, former Secre- 
tary of the Navy, Aerojet has acquired a 
team of management and technical per- 
sonnel of the highest caliber. Our Tech- 
nical Advisory Board, for example, in- 
cludes aerodynamicist Dr. Theodore von 
K4rmén; astrophysicist Dr. Fritz Zwicky; 
aeronautics expert Dr. Clark B. Millikan; 
pioneer rocket authority Dr. Bruce Sage; 
General of the Army Omar N. Bradley; 
Rear Admiral Calvin M. Bolster, USN 


Azusa and Sacramento, Calif. 


(Ret.); and Major General Arthur W. 
Vanaman, USAF (Ret.). 


The Aerojet team has successfully ac- 
complished many ‘“breakthroughs’’ on 
the technical and industrial frontiers. A 
few of these firsts are: 


FIRST 


American power plant for rocket- 
powered piloted aircraft 


FIRST American solid-propellant JATO 
rocket engine used on Service 


aircraft 
FIRST 


production line for liquid-pro- 
pellant rocket power plants 


quantity production of high- 
altitude rocket test vehicles 


FIRST 


FIRST 


American continuously operating 
liquid turborocket 


Manufacture of booster rockets 
exceeding 100,000 Ib thrust 


FIRST 


FIRST 
FIRST 


Underwater jet propulsion engine 


CAA-approved rocket engine for 
commercial use. 


Aerojet’s three plants are located in 
the dynamic and exciting state of Cali- 
fornia. A career with Aerojet will give 
you and your family a full and interesting 
life in either the Sacramento River Valley 
(the location of our two Sacramento plants) 
or the San Gabriel Valley (site of our 
Azusa facility). Either valley offers west- 
ern living at its best. Top ranking 
schools, modern shopping centers, attrac- 
tive western-style homes, outstanding 
recreational facilities, and a splendid 
scenic panorama create a thoroughly en- 
joyable environment for Aerojet employees 
and their families. 


Aerojet-General Corporation offers a 
full program of benefits directed toward 
employee welfare and security: 


Free Group Insurance—Excellent surgi- 
cal, hospital, medical, major medical, 
and life coverage for employees 


Vacation—Two weeks after one year; 
three weeks after fifteen years’ service 


Holidays—Six paid holidays 


Sick Leave—Ten days a year cumul: tive 
up to 40 days 


Retirement Plan—The company’s | urge 
contribution plus a contributory fea: ure 
provide a comfortable income to partici- 
pants upon retirement—eligibility for 
participation after one year as an employee 


Educational Refund Plan—Two-thirds 
of college level study costs reimbursed for 
qualified personnel 


Orange Belt Graduate Program —A 
master’s degree in engineering from the 
University of California may be obtained 
through evening classes attended in the 
San Gabriel Valley. 


Additional benefits are provided via the 
Aerojet blood bank (available free not 
only to employees but to their families), 
and the many social and “helping-hand” 
activities of our Welfare and Recreation 
Club plus a well-stocked employees’ store 
offering quality merchandise at substantial 
savings. 


At Aerojet, you will work with some of 
America’s foremost authorities in the 
rocket and missile field, whether your 
primary interest is pure research, de- 
velopment, or manufacture. 


In research, Aerojet offers outstanding 
opportunities for engineers and scientists 
in the fields of aerodynamics, heat trans- 
fer, thermodynamics, instrumentation, 
high-temperature materials, structures, 
electronics, gas dynamics, and automatic 
controls. In production, our interests 
range from underwater propulsion devices 
to upper-atmosphere rockets. 


In the large-scale manufacture of criti- 
cal new missiles for the Armed Services 
and rocket motors for civilian and govern- 
ment use, Aerojet-General’s organization 
and facilities are second to none. With 
the constant expansion of all of the Aero- 
jet plants there are excellent prospects for 
engineers, chemists, physicists, and mathe- 
maticians with an eye toward an active, 
challenging future and an interest in 
intriguing, varied activity. 
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EROPHYSICS Development Corpora- 
tion (ADC) is a highly specialized and 
progressive research and development or- 
ganization presently engaged in the de- 
velopment of a missile for the United 
States Army, a research missile for the 
United States Air Force, and various 
other classified research projects for the 
nilitary services and the Atomic Energy 
Commission. The company was organ- 
wed in 1951 by Dr. William Bollay, the 
current president and technical director, a 
well-known scientist with many years’ 
experience in the fields of aeronautics 
and rocketry. The principal objective 
of the organization is to carry out research 
and development on interesting and im- 
portant new projects which promise major 
advances in the various fields of aero- 
physies. At present ADC is concerned 
primarily with military projects; how- 
ever, the techniques now being perfected 
will also be applied to industrial and com- 
mercial applications in the future. 
Recently Aerophysics became a wholly 
owned subsidiary of the Studebaker- 
Packard Corporation. Its role in research 
and development has remained the same, 
aid with the backing of the parent or- 
nization a complete system is now 
wailable for carrying new ideas from 
initial research, through development to 


fnal production. 

In its rapid expansion over the past five 
years the company has increased its 
‘aff from zero to over five hundred scien- 
ists, engineers, technicians, and sup- 
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Santa Monica, Calif. 


porting staff. The organization has ap- 
proximately doubled in size each year 
and thus ADC represents the oppor- 
tunities for growth for bright young en- 
gineers which are only available in an ex- 


panding organization. Many of the 
present staff members have been among 
the leaders in developing the revolutionary 
advances made in the field of aeronautics 
during the past decade—in supersonic 
aerodynamics, in jet and rocket propul- 
sion, and in guided missiles. 

Organizationally the company is set up 
in project and technical sections including 
aerodynamics, flight test, design, electro- 
mechanics, structures, and shop. Special 
projects include systems and systems 
analysis, propulsion analysis re- 
search, and other activities which fall in 
the highly classified areas and cannot be 
discussed. 

Careers are available in all phases of 
engineering and science. The major 
projects are long range in nature and 
offer creative and challenging opportuni- 
ties for the individual. ADC is still a 
small company and due to its compact 
organization can offer an individual the 
opportunity to see the way his par- 
ticular effort fits into the over-all com- 
pany program. Every Aerophysics em- 
ployee is given the opportunity to in- 
crease and improve his individual ca- 
pacities and contributions to the group 
effort. Each person at Aerophysics is 
evaluated periodically on the basis of the 
contribution he makes to the company’s 


Aerophysics Development Corporation 
A Studebaker-Packard Subsidiary 


progress through his effort, and a man is 
judged primarily on his technical con- 
tribution rather than upon the number of 
people he supervises. 

Training programs are now being es- 
tablished for young engineers and tech- 
nicians. In addition, the company offers 
an educational refund plan which covers 
part of the cost incurred by an employee 
taking supplementary education. A num- 
ber of the scientific and administrative em- 
ployees inside the company are certified 
to teach university courses for which 
college credits may be obtained. 

Late this year the permanent home fa- 
cility for Aerophysics will be a new plant 
now under construction in Santa Bar- 
bara, Calif. This delightful year-round 
resort is a cultural and educational center 
located approximately ninety miles north 
of the city of Los Angeles, on the Pacific 
seacoast. There is a wide range of activi- 
ties available in this area. The University 
of California has a branch located there 
and there are museums, botanic gardens, 
theaters, fine restaurants, boat harbor, 
and many other social and cultural in- 
terests. All types of housing are available 
in every price range. Aerophysics man- 
agement picked the Santa Barbara area 
because of its exceptional atmosphere for 
both work and play. The most modern 
principles of building design are being in- 
corporated in the construction of Aero- 
physics Development Corporation head- 
quarters plant to provide the ideal atmos- 
phere for research. Excellent shop and 
laboratory sections will enable the skilled 
technician to produce the best results for 
which he is qualified. Ample parking 
areas are planned and commuting to and 
from work is a leisurely, traffic-free pleas- 
ure amid magnificent mountain and sea- 
coast scenery. 

Within the company itself a great many 
social and athletic events are programmed. 
Parties, picnics, and dances are sponsored 
by the Employees Association. Baseball, 
bowling, skiing, public speaking, and 
other clubs engage in interdepartmental 
competition. The company also provides 
vacation, sick leave, and insurance bene- 
fits. 

In the future, Aerophysics will con- 
tinue its intense program of research and 
development in the field of missiles. 
Application of today’s technical develop- 
ments will produce better missiles and 
missiles systems tomorrow. A _ great 
many of the ideas and techniques now 
being developed by Aerophysics can and 
will be used in commercial and military 
aeronautics of the future to contribute to 
our country’s scientific leadership. 
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Aerophysics Research Group 


Aeronautical Engineering Department 


Massachusetts Institute of Technology 


Scope 


THE Aerophysics Research Group of the 

M.LT. Aeronautical Engineering De- 
partment is engaged in sponsored research 
which may be especially attractive to those 
engineers who desire to obtain an advanced 
degree. Research programs are being 
conducted in the fields of missiles dynamics 
and control, aircraft dynamics and con- 
trol, cruise control techniques and instru- 
mentation, missile and satellite trajec- 
tories, transonic and supersonic wind- 
tunnel testing, and viscous compressible 
fluid dynamics. 


Organization 


A research group at M.I.T. is under the 
over-all direction of senior faculty mem- 
bers. A group usually handles several 
projects, each of which is supervised by a 
member of the faculty who works closely 
with the project leader. As a general rule, 
other academic staff members are affil- 
iated with the projects in either a consult- 
ing capacity or as active workers. In 
this way, a close relationship between the 
teaching and research staff is maintained. 


Faculty Members 


Professor Walter McKay provides the 
over-all direction of the Aerophysics Re- 
search Group, while Professors Paul E. 
Sandorff, Yao T. Li, and Joseph Bicknell 
supervise the three general fields of missiles 
and satellites, cruise control techniques 
and instrumentation, and dynamic sta- 
bility and wind-tunnel testing, respec- 
tively. Professors H. G. Stever, E. E. 
Larrabee, and L. Trilling are also affiliated 
with the Group in their respective fields. 


Work Being Performed 
Missiles and Satellites 


Professor Paul E. Sandorff supervises 
the effort of the Group in this field, which 
is mainly concerned with the trajectories 
and dynamics of nonballistic and ballistic 
long-range missiles. The development of 
analytical techniques for determining 
trajectories, the analysis of missile struc- 
tural dynamics, and the study of aero- 
thermodynamic effects are a few of the 
specific topics on which research is being 
done. 
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Cruise Control Techniques and In- 
strumentation 


Professor Y. T. Li supervises the 
Group’s effort in this field. The work 
falls into the two major areas of cruise 
performance analysis and optimalizing 
control. 

The fundamental theory of cruise per- 
formance together with the cruise charac- 
teristics of many current and future air- 
craft designs are being studied in detail. 
Additional work on the characteristics of 
gas turbine engines is contemplated. 
These investigations provide the back- 
ground essential to the development of im- 
proved cruise control techniques and in- 
strumentation. 

Optimalizing control is that branch of 
instrumentation dealing with controllers 
that automatically maximize the perform- 
ance of a system. At present, an experi- 
mental optimalizing cruise controller for 
turbojet aircraft is under construction. 
The extension of this work to turboprop 
power plants is under consideration. 


Dynamic Stability and Wind-Tunnel 
Testing 


Experimental and analytical dynamic 
stability investigations are conducted 
under the supervision of Professor Joseph 
Bicknell. These investigations employ 
the analog and digital computing facilities 
for their analytical phases and the tran- 
sonic-supersonic blowdown wind-tunnel 
facility for their experimental phases. In 
addition, related problems in compressible 
viscous fluid dynamics are studied theoreti- 
cally and experimentally in a_ special 
boundary layer research wind tunnel. 
Specific topics of investigation include 
inertial cross coupling, stability derivative 
extraction from flight data, dynamic sta- 
bility derivative measurement, and shock 
wave boundary layer interaction. 


Facilities Available 


The facilities available to a research 
engineer at M.I.T. are many and varied. 
On the technical level are several analog 
and digital computing facilities, a trisonic 
wind tunnel facility, instrument and elec- 
tronic laboratories, and metal and wood- 
working shops. The computing facilities 
include a double REAC, two suppressed- 
time-scale analog computers, two IBM 
650 computers, and the Whirlwind I digi- 


tal computer. The trisonic wind tunnel 
facility is composed of the Wright Brothers 
Wind Tunnel with an operating range of 0 
to 150 mph, the Transonic Blowdown Wind 
Tunnel with an operating Mach number 
range of 0.7 to 1.2, and the Supersonic 
Blowdown Wind Tunnel with a con- 
tinuously variable Mach number range of 
1.2 to 2.1. 

On the recreational level are the atiiletic 
facilities of the Institute, including its 
indoor swimming pool, squash and |iand- 
ball courts, tennis courts, ice rink, and 
sailing fleet. The Research Staff Member 
is also eligible for membership in the 
M.LT. Faculty Club after an employinent 
of one year. 


Advantages at M.I.T. 


The most important advantage of work- 
ing at M.I.T. is the opportunity to engage 
in advanced study and to work toward an 
advanced degree in one of the topmost en- 
gineering schools of the world. All re 
search staff members are permitted to 
register for one course per semester with 
no reduction in salary for time taken off 
from work. Research Assistantships are 
also available for those who qualify as 
graduate students and register for suff- 
cient graduate subjects. 

In addition, the engineer who becomes 
a member of the M.I.T. Research Stafi 
works on challenging research problems 
in collaboration with faculty members 
who are recognized authorities in their 
respective fields. The project organiza 
tion permits an engineer to participate in 
all stages of the solution of the research 
problem: conception, theoretical develop- 
ment, analysis, design of hardware, fabri- 
cation, and test. 


Engineering Openings 


The Aerophysics Research Group is it 
need of college graduates having degrees 
or experience in aeronautical, electrical, 0 
mechanical engineering. Men with exper 
ence and advanced degrees are needed, 8 
well as B.S. degree holders with no e& 
perience at all. Those enginers who att 
interested should contact Mr. Thomas R 
Parsons, Executive Officer, Aerophysité 
Research Group, Room 41-203, Mass 
chusetts Institute of Technology, Cat 
bridge 39, Mass. 
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Allied Research Associates, Inc. 


LLIED RESEARCH ASSOCIATES, 
INC., a young organization of re- 
search and development engineers, was 
formed for the purpose of providing a 
pool of highly skilled scientific personnel 
capable of undertaking some of the many 
problems in research and engineering 
development which now confront 
dustry and government on all sides. 
Allied’s scope is broad, and its special- 
ized know-how focuses on problems rang- 
ing from guided missile study and atomic 
weapons effects to the analysis and control 
of environmental vibrations. 


Solving Problems in 
Many Fields 


Guided Missile Design Studies 


Allied’s well-rounded background in 
this field includes experience in vehicle 
desig—both aerodynamic and structural 
—liquid and solid fuel propulsion sys- 
tems—and guidance, fuzing, and warhead 
evaluation. A project for the immediate 
future: studies of still further advanced 
methods of propulsion. 


Thermoelastic Research 

Allied has extensive experience in 
thermoelasticity and thermoplasticity. It 
has participated in full-scale testing of 
models instrumented to record tempera- 
ture distribution, thermal stresses and 
deflections, and is currently engaged in 
coordinated theoretical and laboratory 


studies of this nature, including research 
on missiles and aircraft in supersonic 
flight. 


An engineer is conducting a test to 
determine the stress and deflection 
Tfesponse of a plate to thermal radiation 
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Aerodynamics Research— 
Aircraft Operations 


Much of Allied’s research in this field 
is concerned with aerodynamic analysis 
as well as operational and performance 
characteristics of propulsion units and 
various types of aircraft. Allied’s loca- 
tion permits ready access to excellent 
experimental facilities, including both low- 
and high-speed wind tunnels. 


Structural Dynamics 


Evaluation of the structural integrity 
of aircraft is vital—and some of Allied’s 
more important research has been in this 
direction. In particular, the response 
of aircraft to various transient aerody- 
namic inputs is currently being performed 
—studies which include nonsteady aero- 
dynamics and various rigid-body and 
elastic modes. 


Vibrations Analysis and Testing 


Allied has accumulated an extensive 
backlog of experience in theoretical and 
experimental analysis of the vibration 
behavior of complex systems, including the 
flight testing of airborne equipment. A 
vibration isolation unit of unique design, 
recently developed by Allied, is planned 
for production in the near future. 


Mechanical and Structural Design 


Many of the design problems met in 
the application of nuclear energy to com- 
mercial uses can be competently handled 
at Allied. 


Atomic Weapons Effects 


Studies associated with this work in- 
clude analyses of blast, thermal, and nu- 
clear radiation effects, and the determina- 
tion of safe and lethal regions for aircraft 
operating in the vicinity of a nuclear burst. 
Allied personnel have participated in 
atomic field operations at both the Nevada 
and Pacific Proving Grounds. 


Physics and Physical Chemistry 


Many of the above fields produce prob- 
lems in physics and physical chemistry. 
Current projects include theoretical and 
experimental work in high temperature 
physics, explosives, radiation transfer, 
and instrumentation. 


Facilities... 


Engineers are assigned to problems on a 
project basis at Allied, and work in closely 
knit teams—so the engineering offices are 
arranged to permit closest liaison among 
staff members. An engineering library 
makes available the latest classified and 
unclassified technical reports, and in 


addition, the many nearby universities 
provide access to some of the largest 
technical libraries in the country. 

The instrumentation laboratory, ma- 
chine shop, and offices, covering approxi- 
mately 35,000 square feet, are fully 
equipped to support Allied’s wide ranging 
research operations. Allied maintains 
staffs of draftsmen, electronics tech- 
nicians, and engineering computers, as 
well as a fully manned technical publica- 
tions department. Experimental and 
automatic computation facilities for ana- 
lytical and experimental research are 
readily available. 


You and Allied— 
Opportunities 


Allied offers opportunities for engineers 
and physicists in these expanding fields: 
propulsion systems; theoretical and ap- 
plied aerodynamics; nonsteady  aero- 
dynamics;  aeroelasticitvy; thermoelas- 
ticity; vibrations analysis; structural 
dynamics; structures and _ elasticity; 
weapons effects; high temperature phys- 
ics; spectroscopy; instrumentation; and 
radiation transfer. 

The young engineer who wants a career 
in one of these fields finds a stimulating 
atmosphere for growth at Allied. He is 
assigned to work on a project basis—and 
as a member of a team, is given considera- 
ble independence and responsibility for 
the success of his phase of the program. 
He has a clear view of the importance 
of his contribution to the over-all project 
from beginning to end. 

The “team concept”’ of Allied’s research 
minded management permits maximum 
cross-fertilization of ideas and talents 
which broadens the background and en- 
hances the technical growth of the in- 
dividual. Policy dictates promotion from 
within, and the young engineer can look 
forward to directing a project as soon as 
his ability permits. 

In addition, Allied maintains a flexible 
policy encouraging its engineers to take 
advantage of further opportunities for 
education at nearby universities. 

Few areas in the United States are so 
rich in engineering knowledge and tech- 
nical sophistication as the New England 
area in which Allied is located. But 
cultural and intellectual facilities are 
just one of the area’s attractions— 
for New England is an ideal place to 
live. Living conditions are excellent, 
both in the city of Boston itself and in 
the outlying suburbs. Distances are 
short—and the mountains, the lakes, and 
the ocean are within easy reach for winter 
or summer recreation. 
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Applied Physics Laboratory 
of The Johns Hopkins University 


Background 


HE work of the Applied Physics 

Laboratory was initiated in the sum- 
mer of 1940 under the National Defense 
Research Council, a group of the nation’s 
scientists brought together to focus tech- 
nical resources on the development of new 
and more powerful weapons for the Armed 
Services. Among the urgent problems 
considered by this group was the defense 
of the fleet against air attack. 

After studying this problem it was 
decided that influence-type fuzes for anti- 
aircraft shells would be feasible and, if 
successfully developed, would constitute a 
major advance in the technology of air 
defense. The Office of Scientific Research 
and Development asked The Johns Hop- 
kins University to accept a contract to 
carry out this program, and the University 
established the Applied Physics Labora- 
tory to perform this research and develop- 
ment and coordinate the work of other 
contractors. 

The striking successes of scientists at 
the Laboratory and their associates in 
industry and at other universities con- 
stitute one of the principal technical 
achievements of World War II. Within 
six months, production of the first fuzes 
was begun. They were first used in action 
by the USS Helena north of Guadalcanal 
in January 1943. Fuzes developed by the 
Laboratory later played an important role 
in the defense of Britain against V-1 
missiles and as antipersonnel and antitank 
weapons by the Army Ground Forces. Asa 
second step toward increasing the Navy’s 
air defense, the Laboratory developed 
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Silver Spring, Maryland 


radar-controlled gun directors for 5-inch 
and 40-mm guns. 


Program Scope 


For the past ten years the principal 
effort of the Applied Physics Laboratory 
has been devoted to the development of 
guided missiles, under a broad program 
having the code name “Bumblebee.” 
Since the early days when it had 50 staff 
members, the Laboratory has steadily 
grown into an organization having a staff 
of 1200—500 of whom are professional 
engineers and scientists. 

In 1945 techniques for launching, pro- 
pelling, and guiding a supersonic missile 
were wholly unexplored. As a first step 
the Laboratory established research and 
development teams in each of these fields, 
and university and industrial contractors 
having special skills were brought in to 
make a concerted attack on the many 
problems that had to be solved. De- 
velopment facilities to furnish realistic 
data on the performance of missile com- 
ponent systems were built. These in- 
cluded the first large-scale supersonic wind 
tunnel and ramjet testing facility, elec- 
tronic flight simulators, flight test ranges, 
and the development of telemetering to 
transmit accurately the action of missile 
components in flight. 

With this systematic and comprehen- 
sive effort, pioneering advances came 
rapidly. The first successful ramjet was 
flown in June 1945. The first large 
booster rocket was developed in 1946. 
The first demonstration of control at 


The new building of the Applied Physics Laboratory, located in Howard County, Md. (near Washington, D C., and Baltimore). 


supersonic speeds was made in 1947, 
Finally, fully guided supersonic flight was 
achieved in 1948. These accomplish- 
ments in the newly born field of guided 
missiles provided much of the fundamental 
understanding that has been the basis for a 
large part of the country’s guided missile 
effort. 

Having devised solutions to the cssen- 
tial problems of launching, propulsion, 
guidance, control, and warheads, the 
Laboratory took steps to design and build 
complete missile prototypes. This was 
accomplished with the aid of industrial 
“Associate Contractors” who also partici- 
pated in the development programs under 
the technical direction of the Laboratory, 
The results were so manifestly successful 
that the Navy promptly placed direct 
procurement contracts for final engineer- 
ing and production of the entire weapon 
system based directly on these proto- 
types and on specification requirements 
prepared by the Laboratory. Today, 
two missiles that grew out of the Bumble- 
bee program are in production; one of 
these, the TERRIER, has gone through 
Fleet evaluation and has become a Service 
weapon; the other is the supersonic ram- 
jet-propelled TALOS. 

The initial objectives of the Labora- 
tory’s guided missile program have been 
met; and a new phase, resembling in many 
respects the first development phase, has 
begun. The rapid growth of technology 
throughout the world has greatly in- 
creased the capability of the enemy to deal 
a devastating blow from the air. By the 
same token this growth has created the 
possibility of major extensions in per- 


JET PROPULSION 


i 
| 
i 
} 
| 
| 
| 
te 
i 
of 
ti 
: Si 
al 
> ar 
co 
pu 
pr 
fes 
na 
‘ the 
prc 
gra 
des 
: res 
hay 
in 
to 
i Sin 
| 
| 


1947, 


if Was 
iplish- 
ruided 
nental 
fora 
.issile 


cssen- 
ilsion, 
, the 
build 
was 
istrial 
artici- 
under 
atory, 
-essful 
direct 
ineer- 
eapon 
proto- 
ments 
‘oday, 
imble- 
me of 
rough 
ervice 
ram- 


abora- 
been 
many 
e, has 


formance of guided missiles for defense or 
retaliation. As a consequence several 
new major programs have emerged from 
the basic Bumblebee program as prime 
objectives for the next five to ten years. 
There is no diminution in sight for chal- 
lenging new technical problems. 

In addition to the groups at the Labora- 
tory responsible for applied research, de- 
velopment, and engineering of missiles and 
missile systems, a sizable fundamental re- 
search effort has existed since 1948, when 
the Research Center was founded. 

Staff members of the Research Center 
conduct basic experimental and theoretical 
studies in selected areas of interest to the 
Laboratory; that is, in those areas that 
would offer the best hope of success in 
finding needed knowledge or those that 
would supply a breakthrough on the 
frontiers of scientific exploration that 
might lead to the initiation of a new Labo- 
ratory activity. 

Although there are no mutually ex- 
clusive groups in the Research Center, 
its work generally may be said to appor- 
tion itself in the broad fields of chemical, 
electronic, and microwave physics, and in 
theoretical and applied mechanics. 

At the Applied Physics Laboratory it is 
believed that a strong fundamental re- 
search effort is a necessary companion to 
present developments, tending to fortify 
and refine them, and a necessary sentinel 
to future developments, tending to seek 
out and signalize the most promising. 


Professions 


The Applied Physics Laboratory is 
primarily an organization of and for 
technical men and scientists—engineers, 
physicists, mathematicians, chemists, and 
others. 

Two features distinguish the organiza- 
tion: the self-dependence of the profes- 
sional staff and the fluidity of relationships 
among the groups engaged in the many 
areas of technical endeavor. 

The Laboratory has broken its total 
mission down into fields, such as missile 
control systems, aerodynamics, and _ pro- 
pulsion. To undertake the study of 
problems in these fields, teams of staff 
members drawn from all requisite pro- 
fessions are brought together. Each team 
Maintains a balance between research at 
the one end and engineering of the final 
prototype at the other, with all necessary 
gradations of analytical and experimental 
design lying within the extremes. This 
results in an individual staff member’s 
having a broad knowledge of and interest 
in the problem under attack, which leads 
to heightened individual creativeness. 
Similarly, technical freedom and co- 
Operation among teams are fostered, 
assuring that the solution to any one 
team’s problem will be a well-integrated 
and compatible part of the over-all ob- 
jective. 

The major professional activities in 
which the Laboratory is engaged may be 
broken down into the following five 
categories. In most of these there is a 
present need for additonal staff members 
at all levels of experience. 

1. Electronics Research and Develop- 
ment—guidance, control, telemetering, and 
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data-handling systems; computer de- 
sign; transistor and magnetic-amplifier 
applications; countermeasures; over-all 
missile systems design; dynamic studies; 
electronic packaging; flight test engi- 
neering. 

2. Aerodynamics—stability and control 
analysis, preliminary design, and wind- 
tunnel testing. 

3. Mechanical and Aeronautical De- 
sign—airframes and structures, mecha- 
nisms, launching and handling systems, 
ramjet propulsion, warheads. 

4. Analysis—over-all systems and op- 
erations; electrical noise and interference; 
stress, dynamic, weights and loads; the 
effectiveness of warheads; flight simula- 
tion. 

5. Research—combustion, solid-state 
physics, shock-wave phenomena, and other 
studies in chemical, electronic, microwave 
physics and in theoretical and applied 
mechanics. 


Scientists engaged in microwave research 
at the Applied Physics Laboratory 


Facilities 

The buildings of the Applied Physics 
Laboratory are located in Silver Spring 
and Howard County, Md., conveniently 
situated with respect to residential suburbs 
of both Washington and Baltimore. 

The buildings are modern and_air- 
conditioned and are exceptionally well 
equipped for research and development 
activities. A complete environmental test 
laboratory, large electronic analog and 
digital computers, a burner facility for 
testing models of ramjet engines, and a 
hypersonic wind tunnel for research are 
but a few examples of the range and wealth 
of equipment available to the staff. All 
important publications and books in the 
guided missile field and related fields are 
available through the Library at the 
Laboratory, which, in addition to being 
excellent in itself, also has access to the 
Library of Congress, the University Li- 
braries in Baltimore, and the libraries of 
government agencies. 


Living 
The central position of Washington in 
the nation’s cultural life is assured by the 
National Gallery of Art, the Smithsonian 
Institution, the National Symphony, and 


the memorials to Washington, Lincoln, 
Jefferson. 

Washington suburbs neighboring the 
Laboratory in Montgomery County, Md., 
include Bethesda, Kensington, and Ta- 
koma Park. On the edge of Baltimore are 
Ten Hills and Hunting Ridge, and many 
staff members live in Catonsville. 

The community has one of the 
highest standards of living in the country. 
Its advanced public school system has 
been rated by the Office of Education as 
one of the Nation’s twelve best. 

Centrally located on the Eastern sea- 
board, the region is connected by rail 
and highway with such major cities as 
New York, Philadelphia, and Richmond. 
Scenic areas, such as the Skyline Drive, 
Harper’s Ferry, the Shenandoah Valley, 
historic Williamsburg, Annapolis, the 
Chesapeake Bay, and ocean resorts on 
Maryland’s eastern shore are within a 
few hours’ journey. 


Benefits 


The major benefit programs offered by 
the Laboratory include paid vacation and 
sick leave, pension and group life insur- 
ance, education benefits, a credit union, 
and recreational facilities and activities. 

The vacation enjoyed by staff members 
varies from two to four weeks per year 
depending on staff level and length of 
service. 

Educational assistance in the form either 
of time off or remission of tuition is 
granted staff members taking college work, 
at the junior level or higher, in any of the 
area’s fine schools: Johns Hopkins 
University, University of Maryland, 
George Washington University, Catholic 
University, Georgetown University, and 
American University. 

Organized but informal after-work rec- 
reation has been a part of the Applied 
Physics Laboratory since it was established. 
Today members have expanded their 
leisure-time activities to include bowling, 
golf, archery, chess, rifle shooting, pri- 
vate flying, choral singing, group and 
Laboratory-wide outings, and dances. 


The Navy’s Terrier missile, developed by 
APL, launched from the USS Mississippi 
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American Machine & Foundry Company 


AMF Building, 261 Madison Ave., New York 16, N. Y. 


e e e Engineers e e e Engineers e @ e@ 


The rapid growth of the Turbo Division has created additional job opportunities for 
Engineers in design, development, and production engineering of Accessory Power Sup- 
plies for Guided Missiles. 


e e e Important e e e 


Our constant growth and expansion, our success—are based upon our policy of hiring the 
very best of engineering talent and giving each man individual recognition and reward 


for his achievements. 
The utmost in imaginative and creative effort is required in exploring the largely un- 


charted technical areas in the auxiliary power systems field. 


Engineering Positions open at all Levels 


Electronic Circuitry Development Engineers 
Magnetic Amplifiers Design Engineers 
Servomechanisms Thermodynamics 


Rotating Machinery (Electrical) 


| @ ee Benefits e e e 


\ 
Relocation expenses, tuition reimbursement plan, and a comprehensive benefits program 
are offered by AMF, one of the larger diversified growth companies. 


Typical Accessory Power Supply 


Please address complete résumé out- 
lining details of your technical back- 
ground to: 

Mr. Fred Barge 

Turbo Division 

American Machine & Foundry Co. 
Turbo Division—American Machine & Foundry Company’s facility on the West Coast 12270 Montague Street 
will soon be located in this modern headquarters at Pacoima in the San Fernando Valley Pacoima, California 
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Armour Research Foundation 


NIKE launching section with missiles 


raised to firing position 
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Chicago, Ill. 


RMOUR RESEARCH FOUNDA- 

TION, one of the nation’s largest and 
best known independent industrial research 
organizations, is currently celebrating its 
20th year in the field of research and 
development. 

At the present time the Foundation 
employs more than 1100 full-time staff 
members and has an annual research 
volume of about $11,000, 000. 

During the past fiscal year, ARF has 
conducted 512 research and development 
projects. Of this number, 342 were for 
industrial concerns or trade associations 
and 160 for government agencies. 

The Foundation recently announced 
that it expects to have a research volume 
of $16 million and a staff of 1600 by 1961. 

Armour Research Foundation is located 
in 15 buildings on Chicago’s near south 
side in a 110-acre area known as Tech- 
nology Center. Currently it is engaged in 
a $5 million expansion program which will 
add three new buildings and additions to 
two others. 

One of the outstanding features of this 
expansion program is the construction of 
the nation’s first nuclear reactor for 
industrial research. 

To assist the professional growth of its 
staff members, the Foundation maintains 
its own educational program. ARF bears 
all tuition costs for courses taken at the 
Institute under this program. 

Currently the Foundation is engaged in 
research work in the fields of ceramics and 
minerals, chemistry and chemical engineer- 
ing, electrical engineering, engineering 
economics, propulsion and fluids, mechani- 
cal engineering, metals, and physics. 

Armour Research Foundation has de- 
veloped the world’s largest shock tube to 
study the behavior of air at very high 
temperatures and pressures similar to 
those produced by an atomic bomb, the 
sun—or by a rocket or missile. 

While the effects of bomb blasts on 
structures can be studied in the laboratory, 
primarily to save money, the effects of 
guided missiles in the air practically must 
be tested in the laboratory. This is 
necessary because after a few minutes of 
flight a real guided missile is a thousand 
miles away from its firing point and it is 
virtually impossible to achieve the required 
experimental control in the missile. 

The Foundation also has developed 
several other shock tubes, including one 
equipped to take photographs of blast 
wave phenomena, and another, which is 
six feet in diameter by 150 feet, to generate 
intense or ‘“‘strong’’ shock waves needed in 
studies related to intercontinental missiles 
and rocket propulsion. 


of Illinois Institute of Technology 


Some of the fields in which ARF is 
equipped to carry on research relating to 
rockets and missiles are: 


Rocket development 
Operations research 
Aerodynamics 

Data processing 
Instrumentation 
Systems engineering 
Vibration and shock 
Heat transfer 
Countermeasures 
Propulsion 
Structures 
Electronics 
Computers 

Controls 

Gas dynamics 
Ballistics 
Combustion 
Propellants 


If you are interested in the unusual 
opportunities available at ARF write to: 


Personnel Manager 

Armour Research Foundation of 
Illinois Institute of Technology 

Technology Center 

10 W. 35th St. 

Chicago 16, Il. 


The Falcon missile scores a hit 
on a drone aircraft 
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Atlantic Research Corporation 


Your Future in 
Solid Propellant Rocketry 


Successful development of a solid pro- 
pellant rocket is possible only through 
successful team research. The following 
examples are some of the major career 
opportunities you will find among the 
many interlinked requirements of the 
team effort. 


e@ As a chemist, you must create prac- 
tical fuel systems of high energy and 
develop adequate ballistic properties 
through catalysts and formulation to 
meet a wide range of performance and 
environmental] needs. . . . 


e@ As a materials specialist, you must 
look to propellant structural require- 
ments to withstand ignition-pressure 
stresses and high-acceleration launching 
and flight. You must provide a propellant 
with good mechanical properties for 
service from —65 to +150°F, or +200°F, 
or higher, and employ rocket motor ma- 
terials exposed to 5000°F gases flowing 
at sonic speeds. . . . 


e As a physicist, you must measure pres- 
sures, temperatures, thrusts, and other 
parameters, and devise control devices 
that record or control phenomena that 
change significantly in milliseconds or 
faster. . . 


@ As a mathematician, you must develop 
fuel shapes that burn to produce propel- 
lant gases at prescheduled rates, and re- 
duce the need for very costly experimen- 
tation through full use of physical science 
theory and mathematical technique. . . . 


@ As a process engineer, you must develop 
effective processes for manufacturing 
propellants and rockets safely, econom- 
ically, and with close quality control. . . 


@ Asa rocket designer, you must combine 
ballistic, metallurgical, and fabrication 
know-how to turn out a product combining 
the close stress tolerances typical of air- 
craft design, with heat release and heat 
flow rates exceeding those of a nuclear 
reactor... . 


A high order of technological skill is 
required to integrate these specialized 
capabilities into a successful team de- 
velopment. As a member of such a 
group, you will learn some of these team 
research techniques at first hand. The 
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Alexandria, Va. 


ARC’S home office is ten minutes from Washington National Airport 


team research technique has been a 
“breakthrough” in the modern technolo- 
gist’s abilities to exploit scientific knowl- 
edge. Experience with a team research 
effort will be professionally valuable to 
you. 

Because so many of the phenomena 
associated with rockets are on the tech- 
nical frontier, the work offers you rich 
opportunities within your chosen scien- 
tific field. Usually, you will find oppor- 
tunities to apply the full range of your 
technical capabilities—mathematical, me- 
chanical, chemical, and so on—when you 
are working in solid propellant rocketry. 


Your Future at Atlantic 
Research 


Atlantic Research Corporation’s pro- 
gram in rockets and propellants has 
broadened and enlarged over the years, 
largely because of technical contributions 
resulting from our development program. 
Our current activities provide a range of 
career opportunities in solid propellant 
rocketry and associated work that is 
indicated by the following: 


e@ Combustion research 
e@ Theoretical and mathematical studies 


e@ Laboratory research on new propellant 
systems 


e Rocket and gas generator prototype 
development 


e Propellant pilot plant process develop- 
ment 


e Intermediate-scale propellant produc- 
tion 


Our charter imposes no restraint should 
full-scale rocket manufacture later prove 
desirable. 

In addition, many other company ac- 
tivities, not related to rockets directly, 
are comparable in their technical demands. 
In number, though not in dollar volume, 
the company has conducted more proj- 
ects in non-rocket fields than in rocketry. 
The following nonrocket projects illus- 
trate the broad range of applied science 
project activities the organization is 
equipped to carry out, and suggests the 
opportunities open to the creative research 
worker: 


e@ Synthesis of natural rubber by fungi 


e Survey of Diesel engine operation at 
low temperatures 


e Evaluation and development of bottle 
cap liners 


e Improvement of oil-well perforation 
equipment 


e@ High-speed wind tunnel design services 
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e Development of commercial instru- 
ments for measuring dynamic shear 
modulus of viscoelastic materials 


e Development of improved piezoelectric 
air-blast gages and transducers 


library 
plans, 


e Establishment of technical 
programs, including floor 
equipment, and staffing. 


In a very real sense, a pronounced 
climate of individual opportunity prevails 
in Atlantic Research. It rests on a record 
of rapid organizational growth during 
which the company has been successful 
in most of its undertakings. Technically 
productive scientists and engineers con- 
stitute the top management of the com- 
pany. Company policies favor the crea- 
tive technical man. 


The Organizational 
Background 


Atlantic Research was founded by Arch 
C. Scurlock, a chemical engineer, and 
Arthur W. Sloan, an organic chemist, in 
1949. The company first opened its 
doors for business on January 24 of that 
year with a total capital of one thousand 
dollars and a staff of the two founders. 
From that start, the organization grew 
steadily and rapidly. Financially, it has 
remained in the black since its beginning. 

Present staff totals approximately 150, 
about a third of whom are graduate scien- 
tists and engineers, and the company is 
now doing research and development work 
at a rate of approximately one and a half 
million dollars a year. The organization 
currently occupies nearly 50,000 square 
feet of office and laboratory space in four 
Alexandria buildings just across the Po- 
tomac River from Washington, D. C. 
The other major installation consists of a 
large pilot plant and other experimental 
facilities on a 588-acre tract near Gaines- 
ville, Va., 35 miles southwest of Alex- 
andria. 


Acustom subminia- 

ture amplifier for a 

missile - tracking 
computer circuit 


The organization is financially inde- 
pendent, stock being sold only to em- 
ployees. 

The company’s growth is an interesting 
study in boot-strap levitation. Originally 
launched with jet propulsion the dominant 
theme, our program soon required the 
assembly of a wide range of key skills. 
Once the key specialists had arrived in 
the organization to serve the propulsion 
activity, they began to generate other 
programs centered on their technical 
specialties. Through this means substan- 
tial activity has developed in advanced 
instrumentation, applied mathematics and 
interior ballistics, and fluid dynamics and 
combustion research, to name three ex- 
amples. In several instances, most nota- 
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bly in acoustic instrumentation, success- 
ful project work in these areas has led 
to products the company now manufac- 
tures and markets. The growth of these 
other skill areas has greatly enlarged the 
resources in staff and facilities that can 
be drawn upon in the company’s propel- 
lant and rocket developments. 

At the present time, Atlantic Research 
Corporation has a broad-gaged program 
in applied science research and engineering 
development. In this respect, it is typical 
of a class of organization that has appeared 
in significant numbers the past decade to 
meet the requirements of modern indus- 
trial and defense technology. Atlantic 
Research’s management thinks that the 
organization is just beginning to reveal 
its potentialities, and is both optimistic and 
ambitious regarding the future. 


Gun barrel gage for 
peak pressures 
above 125,000 Ib/ 
sq in. with a rise 
time of 5 microsec 


Technical capability is considered to be 
the key factor required for further suc- 
cess, and the effects of this philosophy 
are evident in the present staff and facili- 
ties. The technical staff of scientists and 
engineers averages 1.6 college degrees 
per person, and contains among its mem- 
bers persons who have received national 
recognition in their professional specialties. 
Selective efforts are made in recruiting 
new staff to find persons capable of apply- 
ing basic science imaginatively and re- 
sourcefully in solving practical problems. 

In facilities, the emphasis on function- 
ality is also evident. Few “marble palace” 
laboratory rooms are in evidence, but ad- 
vanced equipment is obtained when needed 
for the requisite accuracy in project work. 
Individual offices for technical _ staff 
members are also provided, in the belief 
that the professional functions at his 
best when he can plan and evaluate his 
work in private. 

* * * 


If you are interested in exploring specific 
career opportunities available at Atlantic 
Research Corporation, write or call. Your 
inquiry will receive prompt and thorough 
attention. 


Our Experimental Field Plant in- 
cludes solid propellant process- 
ing facilities and rocket as- 
sembly and test areas (shown 
here), a gun range, and other 
field installations. Room for 
future expansion is ample on the 
588-acre tract 


Chemistry . . . propellants, combustion, 
polymers, synthesis 


Instrumentation . . . quick-response, 
low-noise, acoustic, custom electronics 


Ballistics . . . of guns, rockets, catapults, 
cartridge-operated devices 


Engineering . . . propellant processing, 
rocket design, prototype development 


: 
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AVCO Advanced Development Division 


Stratford, Conn., Everett, Mass. 


Missiles are just the beginning—in this new 
research and development arm of AVCO 


Meteor speed—without motion 
In world’s hottest shock tube, Avco 
research scientists make 18,000 mph 
stand still, to unlock secrets of outerspace 
travel 


AADD ‘“‘cadremen’’ guide your career 
You work closely with outstanding men 
in your field; get mental stimulation so 
important to growth 


2 ways to grow at AADD 
Whatever your eventual learnings— 
technical, administrative, or a combina- 
tion of both, you’ll advance at Avco with- 
out restriction 
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Weigh these outstanding 
facts about AADD: 


2. 


It’s devoted entirely to advanced research 
and development. Missiles, initially. 
Eventually, any or all major physical 
sciences. Because of its scope, Avco offers 
you a “university atmosphere’’—one of 
outstanding scientific leadership, intel- 
lectual stimulation, creative freedom, solid 
technical support. 


Aveo anticipates a ten-fold expansion of 
personnel in next few years. You can 
chart your own progress here, even help 
determine the specifics of projects you 
work on. No tedious apprenticeship; 
you’ll learn to grow by doing. 


3. 


Aveo wants — not ‘‘gadgeteers’’ — but 

leaders in the exploitation of new areas 

of Science: 

Physical Scientists— 
advanced degree preferred in: Physics 
e Aerodynamics @ Electronics e Metal- 
lurgy @ Physical Chemistry @ Mathe- 
matics 

Engineers— 
Electronic @ Mechanical @ Aeronautical 
@ Chemical. The nature of our organ- 
ization, the scope of its investigations 
and their significance to peacetime as 
well as military products, requires men 
with outstanding creative ability—in 
short—scientists. 


4. 


In return, you’ll be treated like a scientist 
—in respect to salary, benefits, profes- 
sional recognition, freedom, stature. Write 
fully to E. W. Stupack, Personnel Man- 
ager, Avco Advanced Development Divi- 
sion, Room 403E, Stratford, Conn. 


Opened: a new scientific frontier 
AADD laboratory in Everett, Mass., 
houses advanced equipment for research 
near Boston’s great centers of learning 


Science and Shakespeare meet in Stratford 

Stratford Shakespearean Festival Thea- 

tre typifies living and cultural advantages 
available to Avco scientists 


The usual benefits—in unusual degree 


Avco’s generous company-paid benefits 
include insurance, sickness and accident, 
vacations and holidays, retirement 
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S$ ONE of the world’s largest independ- 

ent research organizations, Battelle 
offers career opportunities in nearly all 
the sciences and technologies related to 
rocket and missile development. 


Permanent staff openings are available 
for qualified aeronautical, mechanical, 
electronic, chemical, and design engineers. 
Attractive positions are also available for 
chemists, physicists, metallurgists, mathe- 
maticians, and computer technologists 
who would like to specialize in research in 
the fuels, materials, and control problems 
associated with flight vehicles. 


At Battelle, you can virtually take your 
pick of research areas—and even of proj- 
ects. You may choose engineering de- 
velopment, pilot-plant work, or bench- 
sale research. Or, should you prefer, 
you may concentrate on theoretical stud- 
ies. Serving both industry and Govern- 
ment, Battelle interests are varied and 
ever-expanding. 


Battelle does nothing but research— 
and this is one of its big advantages to a 
research careerist. Should you enter 
some phase of Battelle’s research related 
to rockets or missiles, and later wish to 
change to, say, atomic power plant en- 
gineering, industrial product or process 
development, or consumer product re- 
earch, the transition could be readily 
made. 


Battelle works in all the industrially 
useful physical sciences, many agricul- 
tural and biological sciences, and numerous 
highly specialized technologies. Each 
year more than 1000 research projects are 
conducted in the Institute’s Jaboratories 
in Columbus; Frankfurt, Germany; and 
Geneva, Switzerland. The 2800 scien- 
tists, engineers, technologists, technicians, 
and service personnel associated with Bat- 
telle will be responsible for $19,000,000 in 
research expenditures this year. 


To encourage professional development, 
Battelle provides a free working environ- 
ment. You, as a beginner on the Battelle 
staff, will work side-by-side with prominent 
technologists, with whom you will be on 
4 first-name basis. You will be given an 
assignment and suggestions for its execu- 
tion, but no strict regimen will be laid 
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Battelle Institute 


505 King Avenue, Columbus 1, Ohio 


down for you to follow. At every point, 
you will be encouraged to think for your- 
self—to make suggestions—to ask ques- 
tions—to join in the team operation as a 
full-fledged member. 


You will be given every opportunity to 
write technical papers, to participate in 
the committee work and meetings of tech- 
nical societies, and to pursue your profes- 
sional studies. Should you wish to take 
postgraduate work at nearby Ohio State 
University, Battelle will reschedule your 
working time and pay your matriculation 
and tuition fees. 


Battelle conducts quality research and 
has a worldwide reputation for integrity 
and accomplishment. Since the Institute’s 
founding in 1929, it has grown almost con- 
tinuously, and its management has a 
strong growth philosophy. Indicative of 
this philosophy is Battelle’s recent con- 
struction of the first complete, private 
center for atomic research. 


Because Battelle is a growing organiza- 


tion, opportunities for promotion are 
great. And, you can take your choice be- 


tween advancement into managerial posi- 
tions or advancement into posts of tech- 
nical distinction. 


Salaries are in keeping with going rates, 
and promotions and salary increases are 
on a merit basis. All the customary 
social, recreational, and health services are 
available. The Institute’s insurance and 
retirement plan is recognized as one of 
the best in the nation and will provide 
you and your family exceptional financial 
security. Metropolitan Columbus, a city 
of 610,000 is geared to the likes and in- 
terests of professional people. 


To become a member of a research or- 
ganization that is known throughout the 
world—that is a leader and a pioneer—that 
can offer you a permanent and satisfying 
career, write to Mr. R. S. Drum, Personnel 
Manager. 


Battelle’s central laboratories in Columbus house more than 


17 acres of research facilities. 


New atomic energy labora- 


tories are situated on a 400-acre tract in the suburban area 
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Bendix Products Division 


Bendix Aviation Corporation 


South Bend, Ind. 


Bendix Engineers Doing Basic Control Research in Aircraft Fuel Systems 


Opportunities for Electri- 
cal and Mechanical Engi- 
neers in Rocket Controls 


*% A Career with Bendix Products 


(GRADUATE engineers who join the 
Bendix Products Division at South 
Bend, Ind., can look forward to a full and 
rewarding career with a highly diversified 
organization. Top flight young engineers 
at Bendix are placed in key positions. 

The emphasis in the entire Bendix 
Aviation Corporation is on Creative Engi- 
neering. Bendix is a large, progressive, 
and stable company which pays good 
salaries and offers every engineer the fullest 
opportunity for rapid promotion. The 
corporation is large, but the individual 
divisions are autonomous. This atmos- 
phere of decentralization eliminates the 
possibility of the engineer being lost in 
the shuffle. 


* What Bendix Does 


Bendix Products is essentially a creative 
engineering and manufacturing organiza- 
tion without parallel in this country. 

The distinguishing marks of our or- 
ganization are, first, the excellent diversi- 
fication of products, and, second, a re- 
markable research and development pro- 
gram. 

The growth of Bendix and, specifically, 
Bendix Products Division, during the 
last 25 years is attributed to many factors; 
but most prominent among these is its 
ability to anticipate the needs of the most 
rigid standards of excellence. 

Bendix Products is the pioneer and 
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leading developer of aircraft fuel controls 
in this country. Our activity began some 
time ago in the piston engine field. We 
have extended our activity to serve the 
aircraft industry in the research, develop- 
ment, and manufacturing of fuel systems 
for turbojet, turboprop, rocket, and 
atomic engines. 

Today, Bendix offers extensive know- 
how and facilities both in electronic and 
hydromechanical problems for these im- 
portant components of all aircraft power 
plants. 


You can now _ pace 
your professional growth 
with the stabilized future 
to be gained as a— 


Liquid Propellant 
Rocket Controls Engineer 


Mechanical or electrical engineer to 
engage in the research and development 
of liquid propellant rocket controls, sys- 
tems design, component design, develop- 
ment testing. 

Many other engineering opportunities 
available for engineers with experience in 
servo-mechanisms, network theory, mag- 
netic amplifier theory, and conductors. 


Notable Facts 


@ Liberal Benefit Program 

@ Attractive salaries 

@ Opportunity available for advanced 
study at the University of Notre Dame 

@ Located within minutes of many sand 
dunes and inland lakes which offer 


abundant opportunities for all water 
sports 

@ Eighty miles from Chicago and _ its 
recreational and cultural offerings 

@ Housing readily available a few minutes 
from the plant 

@ South Bend, Ind., is a clean, forward- 
moving, midwestern city of 125,000 
people 

@ Excellent diversification in aircraft and 
automotive fields 

@ Community is served by four airlines 
and three railroads with two others 
within easy driving distance 


For a Review of Your Qualifications, 
send a résumé to: 


J. P. Makielski 
Assistant Administrative Engineer 
Bendix Products Division 
Bendix Aviation Corporation 
South Bend, Ind. 


Engineers Working at Control Panel in 
Engine Test Facility 
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Bulova Research and Development Laboratories 


62-10 Woodside Avenue 


THE Bulova Research and Develop- 

ment Laboratories, a wholly owned sub- 
sidiary of the Bulova Watch Co., was 
organized in 1950 in order to intensify and 
diversify Bulova’s World War II develop- 
ment and production experience in air- 
borne instrumentation and antiaircraft 
artillery fuses. 

Within this brief period, Bulova has 
concentrated on making significant con- 
tributions to the nation’s defense, pri- 
marily in the field of precision airborne 
equipment, where high accuracy func- 
tional performance must be provided at 
minimum weight and volume. These 
achievements include: mechanical and 
electromechanical fuses for shells, bombs, 
rockets, and guided missiles; guided missile 
safety and arming devices; solid propel- 
lant actuated miniature guided missile 
gyros; airborne camera systems and auto- 
matic aperture controls; a precision 
closed-loop altimeter; and an: electro- 
mechanical fire control system for launch- 
ing surface-to-air missiles. In addition, 
Bulova is contributing to the National 
Preparedness Program by virtue of: (i) 
4 multi-million dollar automation research 
and development program wherein a re- 
appraisal of the entire process for the 
manufacture of quartz crystals has been 
undertaken for the Signal Corps; and (ii) 
the development of production line tech- 
niques for infrared sensing and other solid 
state physics devices suitable for missile 
guidance applications. 


@ Of special interest to readers of this 
ARS supplement should be the recent 
formation by Bulova of an Advanced 
Systems Department for the purpose of 
conducting research and development in 
the field of guided missiles and in the field 
of complex electronic systems having mili- 
tary or commercial applications. While 
this advanced systems effort is new, it is 
organized around a central group of engi- 
neers having considerable prior experience 
of successfully working together as a team 
on government sponsored missile systems 
projects. Its growth and success are as- 
sured by the proficiency of the Bulova 
organization in low cost, high precision 
manufacturing techniques, the experience 
of other Bulova departments with ad- 
vanced electronic or electromechanical 
components, and by virtue of its ready 
access to the extensive laboratory, experi- 
Mental shop, and production facilities of 
the parent organization. 

Since its inception early in 1955, the 
Advanced Systems Department has cen- 
tered its activities in the field of small bore 
guided rockets and guided missiles incor- 
porating simple and novel guidance tech- 
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niques. These efforts have borne fruit in 
the form of a contract for the study of an 
advanced small bore missile system for the 
Department of the Army involving the 
full gamut of missile technology: guid- 
ance, control, aerodynamics, jet propul- 
sion, operations research, etc. In addi- 
tion, the Advanced Systems Department 
has placed auxiliary emphasis in its prepa- 
ration of technical proposals on astutely 
engineered electronic systems epitomized 
by navaid, fire control, and simulator 
equipments. One result of these efforts 
is an extensive study of advanced electro- 
magnetic homing techniques which is now 
under way. 


System synthesis and analysis work 
performed under the above contracts is 
predicated on a combination of the latest 
rocket and missile technology with an 
optimal use of statistics, decision theory, 
gaming methods, ete., together with thor- 
ough studies of the operational situation, 
in order to assure systems which are opti- 
mum on the basis of cost-effectiveness con- 
siderations and their ability to be effi- 
ciently integrated into existing or projected 
military environment. To assure maxi- 
mum utilization of the experience and 
talents of each individual, judicious and 
successful use is being made of the pre- 
cepts of group creative thinking. 


AM 


Woodside 77, N. Y. 


@ The activities of the Advanced Sys- 
tems Department are now expanding 
at an ever-accelerating pace, primarily in 
the above-mentioned project areas. This 
will require the addition of engineers and 
scientists interested in applying the very 
latest techniques to the synthesis, analy- 
sis, and development of novel and 
operationally optimum missile systems. 
The opportunities for advancement and 
professional development at Bulova in 
general, and in its Advanced Systems 
Department in particular, are sincerely 
deemed to be exemplary: it is a young and 
dynamic organization; it is led by a core 
of progressive, professional-minded veter- 
ans of the missile business; and provides, 
it is believed, the only opportunity to work 
on a prime advanced missile systems proj- 
ect in New York City. Here extensive 
opportunities for advanced study are avail- 
able at Columbia University, New York 
University, The Brooklyn Polytechnic 
Institute, Cooper Union, etc., while active 
participation in the affairs of professional 
societies is facilitated by virtue of head- 
quarters’ location here and the concomi- 
tant concentration of national meetings 
and symposia. Bulova’s professional ad- 
vancement program provides for tuition 
reimbursement to individuals successfully 
completing work-related university courses 
during employment. 


The Advanced Systems Department, shown here in a typical problem-solving con- 
ference, requires for its immediate expansion specialists in infrared techniques, micro- 
wave propagation, circuit theory, operations research, and missile design 
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The University of Chicago 
Chicago Midway Laboratories 


6220 S. Drexel Ave., Chicago 37, Ill. 


Facilities 
ML is an organization devoted to re- 
search and development work for the 
Armed Services. As CML is a part of 
the University of Chicago, its personnel 
and equipment are supplemented by the 
excellent facilities of the University and 
by its own test crew and prototype shop. 
Approximately 150 scientists and en- 
gineers make up the organization. This 
is an optimum size for the young engineer: 
large enough to supply the opportunity to 
werk with and learn from experts in his 
field, and small enough to provide op- 

portunity for advancement. 

In addition to rocket and missile re- 
search and development, CML is engaged 
in research and application of infrared, 
electronics, systems evaluation, etc. Ac- 
tivity at this laboratory will continue as 
long range activity of the university. 


Employment 


Employment by CML is a rewarding 
experience which enables the young engi- 
neer to enjoy the rich surroundings of the 
University of Chicago and the stimulating 
environment of the city itself. 

Within the Laboratories, challenging 
and diversified projects are assigned to 
small groups under the leadership of an 
experienced scientist. Those within the 
group become familiar with all aspects of 
the project. Promotions are granted on 
the basis of merit rather than seniority, 
and the corresponding increases in salary 
are liberal. 


Openings 


Chicago Midway Laboratories offers 
exceptional career opportunities to com- 
petent and energetic men with good 
theoretical and applied backgrounds at all 
levels in the following areas: 


Aerodynamics 

Fire control systems design 

Optics 

Engineering Mechanics 

Infrared 

Radar systems analysis 

Solid state and vacuum tubes 
(PhD. essential) 

Circuitry 

Communications 


Qualifications 


Prospective employees must possess at 
least a bachelor’s degree and be a citizen 
of the United States. Applications from 
graduating engineers are welcome. 


Write for application blank or send 
résumé to: 


J. A. SINCLITICO, JR. 

Chicago Midway Laboratories 
6220 So. Drexel Ave. 

Chicago 37, Illinois 


or call BUtterfield 8-6625 in Chicago. 


Additional Opportunities 


The University is an excellent insti- 
tution for advanced education in your 
chosen, or related, field or in business 
management, with remission of tuition 
provided. 

In addition to excellent salaries and 


CML fringe 
benefits include a month’s vacation, sick 
leave with pay, life and hospitalization 


educational opportunites, 


insurance, and a generous retirenient 


plan. 
Living Conditions 


The size of metropolitan Chicago giar- 
antees excellent living conditions for all 
employees. The unmarried engineer can 
be housed in any of many facilities on or 
off the campus. The married man may 
choose to enjoy suburban life in the new 
village of Park Forest, which affords ex- 
cellent housing and social activity at 
moderate cost, or one of the many other 
towns surrounding Chicago. 

The Laboratories sponsors many social 
and athletic activities including bowling 
and softball leagues, golfing tournaments, 
picnics, and dances. Use of the various 
gymnasiums and athletic fields of the 
University are also available to employees 
at no cost. 


Snark SM-62—First U.S. intercontinental guided missile to be unveiled by the U.S. 


Air Force 
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Curtiss-Wright Corporation 


Curtiss-Wright Today 


(THOUGH best known for its important 

role in the nation’s defense, Curtiss- 
Wright actually serves many different 
fields ranging from nuclear research to 
plastics. 28,000 employees in 15 di- 
visions now produce over $500 million 
worth of goods a year. 


Curtiss-Wright Tomorrow 


The finest and most modern facilities 
for research, development, and production 
are in use right now at Curtiss-Wright. 
(Only by having every modern resource 
today can tomorrow’s fullest potential 
be realized.) For example, Quehanna— 
a tremendous new research and develop- 
ment center, 80 square miles in size— 
has just been opened in north central 
Pennsylvania. Here—and in other Curtiss- 
Wright communities—creative engineers, 
technicians, and scientists find the re- 
sources, associations, and attitudes that 
encourage their best work, and turn new 
ideas into new accomplishments faster. 


Rocket and Missile 
Activity 


Curtiss-Wright is the only company 
producing every type of power plant used for 
propulsion of aircraft and guided missiles. 
It is the oldest source of aircraft engines 
in the U.S. Curtiss-Wright can power 
any type of flying vehicle with its rockets, 
ramjets, turbojets, turboprops, and_re- 
ciprocating engines. 


A Few Achievements 


The Turbo Compound is the leading 
airline power plant in use today. The 
J65 turbojet powers many of our military 
aircraft. Ram jets power the Navaho 
Missile. Throttling rocket power plants 
are used for the Bell X-2 high altitude 
Supersonic research airplane. These are 
but a few of the products developed and 
produced by Curtiss-Wright. 
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Continual Pioneering 


Since 1912, Curtiss-Wright has de- 
veloped new or larger markets by introduc- 
ing basic product improvements with its 
products. This will continue to be the 
Curtiss-Wright philosophy. Forecasts for 
the next twenty years indicate further 
expansion for every one of the company’s 
divisions. 


More Research, More 
Growth 


Curtiss-Wright is properly “research 
minded,”’ for today’s research is tomor- 
row’s achievement. In addition to ex- 
ceptional research programs in each di- 
vision, Curtiss-Wright has a separate 
division devoted primarily to basic re- 
search, 


Every Opportunity 


Because Curtiss-Wright serves so many 
different markets, there are opportunities 
of all kinds for good scientists and en- 
gineers, whatever their career backgrounds 
or inclinations. Design, development, 
research, test. .administration, sales, 
service. . .corporate, plant, or production 
management—name your talent and find 
your career at Curtiss-Wright. 


Advancement Encouraged 


A policy of frequent reviews makes 
certain that each individual moves on as he 
qualifies for promotion and higher earn- 
ings. The Curtiss-Wright pay scale for 
technical and managerial employees is one 
of the industry’s highest. 


Management Training 


An active training program further 
develops all supervisory, administrative, 
and professional employees with a note- 
worthy management development pro- 
gram. It is under the guidance of ex- 


perienced consultants. In addition, Cur- 
tiss-Wright encourages continuation of 
studies with a special tuition-refund 
program. 


On-the-Job Training 


As each engineer progresses, he is given 
corresponding responsibilities, until he is 
qualified to supervise the project to which 
he is assigned. Thus, training by actual 
on-the-job experience is especially val- 
uable at Curtiss-Wright, where steady 
progress means faster development. 


Better Living 


Men who join our rocket engineering 
staff will be assigned about 20 miles from 
New York City, at our Caldwell, N. J., 
plant. Here are excellent living condi- 
tions for the engineer and his family in 
smart suburban communities with inviting 
homes. A special social club encourages 
dances, picnics, and athletic activities. 
In addition, the Lake Rickabear Club, a 
486-acre recreation area, is sponsored by 
Curtiss-Wright for supervisory and ad- 
ministrative employees. 


Liberal Benefits 


In addition to its high pay scale and 
extra opportunities for growth, Curtiss- 
Wright offers employees outstanding pro- 
grams for retirement, insurance, hospitali- 
zation, and surgical benefits. 


For Early Interview. . . 


. . .discuss your future with a Curtiss- 
Wright Representative when he visits 
your campus. Or send a _ typewritten 
résumé of your background to 


R. G. Conrad 
Mgr., Engineering Recruitment 
Dept. LB-5 
Curtiss-Wright Corporation 
Wood-Ridge, N. J. 
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The University of Chicago 


Chicago Midway Laboratories 


6220 S. Drexel Ave., Chicago 37, Ill. 


Facilities 
ML is an organization devoted to re- 
search and development work for the 
Armed Services. As CML is a part of 
the University of Chicago, its personnel 
and equipment are supplemented by the 
excellent facilities of the University and 
by its own test crew and prototype shop. 
Approximately 150 scientists and en- 
gineers make up the organization. This 
is an optimum size for the young engineer: 
large enough to supply the opportunity to 
work with and learn from experts in his 
field, and small enough to provide op- 

portunity for advancement. 

In addition to rocket and missile re- 
search and development, CML is engaged 
in research and application of infrared, 
electronics, systems evaluation, ete. Ac- 
tivity at this laboratory will continue as 
long range activity of the university. 


Employment 


Employment by CML is a rewarding 
experience which enables the young engi- 
neer to enjoy the rich surroundings of the 
University of Chicago and the stimulating 
environment of the city itself. 

Within the Laboratories, challenging 
and diversified projects are assigned to 
small groups under the leadership of an 
experienced scientist. Those within the 
group become familiar with all aspects of 
the project. Promotions are granted on 
the basis of merit rather than seniority, 
and the corresponding increases in salary 
are liberal. 


Openings 
Chicago Midway Laboratories offers 
exceptional career opportunities to com- 
petent and energetic men with good 
theoretical and applied backgrounds at all 
levels in the following areas: 


Aerodynamics 

Fire control systems design 

Optics 

Engineering Mechanics 

Infrared 

Radar systems analysis 

Solid state and vacuum tubes 
(PhD. essential) 

Circuitry 

Communications 


Qualifications 


Prospective employees must possess at 
least a bachelor’s degree and be a citizen 
of the United States. Applications from 
graduating engineers are welcome. 


Write for application blank or send 
résumé to: 


J. A. SINcLITICO, JR. 

Chicago Midway Laboratories 
6220 So. Drexel Ave. 

Chicago 37, Illinois 


or call BUtterfield 8-6625 in Chicago. 


Additional Opportunities 


The University is an excellent insti- 
tution for advanced education in your 
chosen, or related, field or in business 
management, with remission of tuition 
provided. 

In addition to excellent salaries and 


educational opportunites, CML fringe 
benefits include a month’s vacation, sick 
leave with pay, life and hospitalization 
insurance, and a generous retirement 
plan. 


Living Conditions 


The size of metropolitan Chicago giiar- 
antees excellent living conditions for all 
employees. The unmarried engineer can 
be housed in any of many facilities on or 
off the campus. The married man may 
choose to enjoy suburban life in the new 
village of Park Forest, which affords ex- 
cellent housing and social activity at 
moderate cost, or one of the many other 
towns surrounding Chicago. 

The Laboratories sponsors many social 
and athletic activities including bowling 
and softball leagues, golfing tournaments, 
picnics, and dances. Use of the various 
gymnasiums and athletic fields of the 
University are also available to employees 


at no cost. 
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Snark SM-62—First U.S. intercontinental guided missile to be unveiled by the U.S. 


Air Force 
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Curtiss-Wright Corporation 


Curtiss-Wright Today 


TH JUGH best known for its important 

role in the nation’s defense, Curtiss- 
Wright actually serves many different 
fields ranging from nuclear research to 
plastics. 28,000 employees in 15 di- 
visions now produce over $500 million 
worth of goods a year. 


Curtiss-Wright Tomorrow 


The finest and most modern facilities 
for research, development, and production 
are in use right now at Curtiss-Wright. 
(Only by having every modern resource 
today can tomorrow’s fullest potential 
be realized.) For example, Quehanna— 
a tremendous new research and develop- 
ment center, 80 square miles in size— 
has just been opened in north central 
Pennsylvania. Here—and in other Curtiss- 
Wright communities—creative engineers, 
technicians, and scientists find the re- 
sources, associations, and attitudes that 
encourage their best work, and turn new 
ideas into new accomplishments faster. 


Rocket and Missile 
Activity 


Curtiss-Wright is the only company 
producing every type of power plant used for 
propulsion of aircraft and guided missiles. 
It is the oldest source of aircraft engines 
in the U.S. Curtiss-Wright can power 
any type of flying vehicle with its rockets, 
ramjets, turbojets, turboprops, and _re- 
ciprocating engines. 


A Few Achievements 


The Turbo Compound is the leading 
airline power plant in use today. The 
J65 turbojet powers many of our military 
aircraft. Ram jets power the Navaho 
Missile. Throttling rocket power plants 
are used for the Bell X-2 high altitude 
supersonic research airplane. These are 
but a few of the products developed and 
produced by Curtiss-Wright. 
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Continual Pioneering 


Since 1912, Curtiss-Wright has de- 
veloped new or larger markets by introduc- 
ing basic product improvements with its 
products. This will continue to be the 
Curtiss-Wright philosophy. Forecasts for 
the next twenty years indicate further 
expansion for every one of the company’s 
divisions. 


More Research, More 
Growth 


Curtiss-Wright is properly ‘research 
minded,” for today’s research is tomor- 
row’s achievement. In addition to ex- 
ceptional research programs in each di- 
vision, Curtiss-Wright has a_ separate 
division devoted primarily to basic re- 
search. 


Every Opportunity 


Because Curtiss-Wright serves so many 
different markets, there are opportunities 
of all kinds for good scientists and en- 
gineers, whatever their career backgrounds 
or inclinations. Design, development, 
research, test. .administration, sales, 
service. . .corporate, plant, or production 
management—name your talent and find 
your career at Curtiss-Wright. 


Advancement Encouraged 


A policy of frequent reviews makes 
certain that each individual moves on as he 
qualifies for promotion and higher earn- 
ings. The Curtiss-Wright pay scale for 
technical and managerial employees is one 
of the industry’s highest. 


Management Training 


An active training program further 
develops all supervisory, administrative, 
and professional employees with a note- 
worthy management development pro- 
gram. It is under the guidance of ex- 


perienced consultants. In addition, Cur- 
tiss-Wright encourages continuation of 
studies with a_ special tuition-refund 
program. 


On-the-Job Training 


As each engineer progresses, he is given 
corresponding responsibilities, until he is 
qualified to supervise the project to which 
he is assigned. Thus, training by actual 
on-the-job experience is especially val- 
uable at Curtiss-Wright, where steady 
progress means faster development. 


Better Living 


Men who join our rocket engineering 
staff will be assigned about 20 miles from 
New York City, at our Caldwell, N. J., 
plant. Here are excellent living condi- 
tions for the engineer and his family in 
smart suburban communities with inviting 
homes. A special social club encourages 
dances, picnics, and athletic activities. 
In addition, the Lake Rickabear Club, a 
486-acre recreation area, is sponsored by 
Curtiss-Wright for supervisory and ad- 
ministrative employees. 


Liberal Benefits 


In addition to its high pay scale and 
extra opportunities for growth, Curtiss- 
Wright offers employees outstanding pro- 
grams for retirement, insurance, hospitali- 
zation, and surgical benefits. 


For Early Interview. . . 


. . .discuss your future with a Curtiss- 
Wright Representative when he visits 
your campus. Or send a_ typewritten 
résumé of your background to 


R. G. Conrad 
Mgr., Engineering Recruitment 
Dept. LB-5 
Curtiss-Wright Corporation 
Wood-Ridge, N. J. 
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Experiment Incorporated 


Richmond 2, Virginia 


HISTORY IS BEING MADE 


Young and growing, Experiment Incorporated has been making history for over eleven 
years in the development of propulsion systems for guided missiles; in the development 
of both solid and liquid propellants; and in basic research on combustion, high energy 
fuels, and related chemical processes. 


Experiment Incorporated has pioneered in: 


GAS GENERATORS 

SPECIAL ROCKETS 

AIR TURBOROCKETS 
MONOPROPELLANT RAMROCKETS 
LIQUID AND SOLID FUEL RAMJETS 


In these and other activities, Experiment offers outstanding opportunities to engineers 
and scientists interested in a challenging future. 

For information on our operations, modern facilities, and the complete EI story, 
ask for our descriptive brochure. 


Write to: Personnel Manager, Experiment Incorporated 
Richmond 2, Va. 


Administration building . . . the control center of activities 
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Instrumentation and controls 
at rocket test facility 


A solid fuel ramjet test vehicle 
just prior to flight testing 
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Fairchild Engine Division 


A Division of Fairchild Engine and Airplane Corporation 


Fairchild Engine Division at Deer 
Park, Long Island, N. Y., is one of the 
nation’s leading producers of jet engines 
and jet engine components, and pioneer in 
research, development and production of 
small, lightweight jet engines. 

Its range of activities includes power 
plants for inhabited and uninhabited air- 
craft; major components for jet engines, 
and underwater weapons such as the U. 8. 
Navy’s new X-1 midget sub. 

An extensive new facility at Deer Park 
has recently gone into operation. It 
comprises a new plant and a Gas Turbine 
Laboratory providing those in advanced 
engine research and development with the 
most modern equipment available. Pres- 
ent projects involve new small jet en- 
gines for many applications; radical new 
propulsion systems, fuels, designs, etc., for 
use by both the Armed Forces and the com- 
mercial aviation industry. 

These expanding programs insure more 
than just the basic opportunities for both 
the young and the experienced engineer. 
And, the company’s approximately 30 
years of constant progress in all phases of 
power plant development and manufac- 
turing are reflected in its modern per- 
sonnel policies and practices, which include 


Deer Park, Long Island, N. Y. 


New Fairchild Gas Turbine Laboratory incorporates the latest 
and most advanced equipment 


many well-directed programs, such as in- 
ternal training and orientation, and ample 
opportunity for educational progression. 
Liberal noncontributory pension plans 
as well as better-than-average health and 
life insurance benefits are provided. 
Most important, Fairchild Engine Divi- 
sion applies its policies and benefits to 
assure each employee personal attention. 


Living conditions in Long Island are 
excellent. Low-cost attractive housing is 
available; good schools, hospitals, and 
shopping centers are conveniently lo- 
cated, 

Metropolitan New York is close by 
and virtually every sort of recreational 
facility is readily available—golfing, swim- 
ming, fishing, boating, riding. 


Fairchild Engine Division’s new home for power at Deer Park, Long Island 
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Ford Instrument Company 


Division of Sperry Rand Corporation 
31-10 Thomson Avenue, Long Island City, N. Y 


Missile Guidance 


For several years the Ford Instrument 
Company has been working on a 
number of phases of missile guidance, and 
in particular on guidance systems for 
ballistic missiles. In this category, work- 
ing closely with the United States Army 
Ordnance personnel at Redstone Arsenal 
in Huntsville, Ala., the engineers of Ford 
have been busy on improvements in the 
guidance system of the Redstone Missile. 
At present the company is in the produc- 
tion and product engineering phase of 
this project. 
Under the new Army Ballistic Missile 


Redstone Ballistic Missile, progenitor of 


. more advanced missiles. Ford engineers 


helped develop and design the missile’s 
guidance system 
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Agency a new program has been set up 
for the development of advanced missiles 
of greater range, and Ford Instrument 
Company is preparing to increase its 
participation in the development of guid- 
ance systems. For that reason the com- 
pany has established a new Missile De- 
velopment Division. These top-priority 
programs will require considerable expan- 
sion in many types of personne! and facili- 
ties. 


Expanding Facilities 


Under the new organization the manu- 
facture of parts and final assembly on the 
Redstone and other ballistic missile pro- 
grams will be handled in the firm’s two 
present buildings. A third building has 
been acquired to provide a place for all 
the engineering, development, experi- 
mental, and test facilities. This addi- 
tion to the company’s present laboratories 
and shops will give Ford Instrument 
Company one of the finest research, de- 
sign, and manufacturing plants in the 
country. 

In conjunction with this, the company 
is building a new gyroscope-test labora- 
tory which will enable it to make further 
advances in a field in which it has been 
active for four decades. 


Company Growth 


Ford Instrument Company was founded 
in 1915 by the late Hannibal C. Ford, 
to develop, design, and build computers 
and controls for naval guns. Mr. Ford’s 
inventions revolutionized naval warfare 
by introducing what is now called “auto- 
mation” into ship gunfire control. As 
time went on, the company developed the 
first automatic computing antiaircraft 
gun director and a whole group of surface- 
fire computers, gun drives, torpedo guid- 
ance systems, and their related com- 
ponents, 

In more recent years, Ford has been a 
leading company in the development of 
aircraft navigational systems, cruise con- 
trol instruments for jet aircraft, various 
accurate timing devices, weapon control 
systems, and missile and rocket launching 
computers. It is under contract to the 
Army, the Navy, and the Air Force for 
many instruments which, due to their 
classified nature, cannot be discussed. 

The instrumentation and controls for 


Only eight years out of engineering school, 

Lewis Scheuer has risen to the newly 

created position of Director of Engineering 
of the Missile Development Division 


the atomic submarine, ‘“Seawolf,’’ were 
developed and built at Ford Instrument 
Company, and the engineers at Ford are 
currently busy on contracts with the AIC 
and have designed reactors for both a mu- 
nicipal power plant and a power plant of 
an ocean-going tanker. 

It is but natural that a company so 
experienced in precision equipment, con- 
trol, computing, and sensing devices should 
enter the missile guidance field. Its work 
with the engineers at the Redstone Ar- 
senal for the past number of years has 
enabled Ford to become one of the most 
experienced companies in the country on 
ballistic missile guidance systems. 

The company is a division of the great 
Sperry Rand Corporation, one of the out- 
standing organizations in the world in 
the field of computers, electronics, con- 
trols, and other such highly engineered 
equipment. 


Opportunities at Ford 


With the formation of the new Missile 
Development Division, a great many 
opportunities are opened for capable 
engineers. The program of enlarging 
this department steadily during the next 
several years will give engineers an op- 
portunity to advance with the growth of 
the new division. 
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The company has an enviable record. 
Since its founding in 1915, Ford Instru- 
ment Company has never terminated a 
competent development engineer because 
of lack of work, and we will continue to 
maintain this record. 

Our company has always promoted 
fom within. Our President and our 
Chief Engineer as well as other top 
executives started their careers as En- 
gineers with the company. This pro- 
motion policy shows a ready recognition 
of ability and initiative. 

Engineers find that work with Ford 
Instrument Company offers many ad- 
yantuges. Working in small teams on 
specific projects allows each man to in- 
crease his personal knowledge as he works 
closely with other engineers and _ partici- 
pates in conferences on over-all problems 
with specialists in various fields. He 
also is in a position to receive personal 
recognition for his own work. 

There is the additional satisfaction of 
seeing the work he is doing through from 
initial theory to finished product. 

The company employs about 2500 
people of whom 500 are development, test, 
and production engineers. 


Engineers Needed 


At present the new Missile Development 
Division is looking for electrical engineers, 
mechanical engineers, test engineers, and 
field service engineers, in the research 
and development as well as the production 
and product engineering phase. 

Bachelors, Masters, and Doctors in 
engineering or men whose background, 
training, and work experience would 
qualify them for the work being done 
are being sought. Applicants must have 
an interest in and capabilities for research 
and development, for learning new tech- 
niques and skills, for advancing with the 
future advances made in control engi- 
neering. 

Salaries are commensurate with a man’s 
education, experience, and abilities, and 
are reviewed every three months to de- 


Ford Instrument Company engineers measuring drift rate of 
gyros through an auto-collimator and checking magnetic ampli- 
fier components for a missile guidance system 
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termine whether a man may be raised to 
a higher salary or to a higher job classifi- 
cation. 

Most of the work will be done at the 
home plant of the company. However, 
after an indoctrination period, a number 
of engineers and field service personnel 
will be assigned to the company’s labora- 
tories at the Redstone Arsenal in Hunts- 
ville, Ala., and some will go to Patrick 
Air Force Base test center in Florida. 


Benefits 


In addition to the regular salaries, Ford 
provides for the financial security of its 
employees and their families in many 
other ways, amounting to more than 25 
per cent over his quoted salary. The 
company pays three quarters of the Acci- 
dent and Sickness Insurance and the entire 
expense of: Retirement Pension Plan; 
Sick Leave Pay; Hospitalization; Sur- 
gical Benefits (40 per cent over Standard 
Blue Shield); In-Hospital Medical Bene- 
fits (50 per cent over standard); Group 
Life and Disability Insurance; nine full 
and two half-day holidays and two 
weeks’ vacation (after 10 months’ em- 
ployment). Besides these, the company 
has thorough free health examinations 
for all employees who desire them, and 
the company will refund the cost of tuition 
for any advanced courses of study and 
one half the membership dues for one 
engineering or scientific society. 

The plant location within fifteen minutes 
of the heart of New York City allows 
its employees many benefits. Not only 
are there fourteen colleges and univer- 
sities in the area (for an engineer or his 
family to attend) but also theaters, 
music, sports, museums, and other at- 
tractions of America’s Number One 
city readily available. Within a few 
hours the boating, swimming, and fishing 
of the Atlantic coast, the golf, tennis, 
skiing, and hunting of New England and 
Long Island can be reached. Most of 
our employees live with their families 
in the suburban fringes of the city. 


Other Opportunities 


Besides the work to be done by the new 
Missile Development Division at Ford 
Instrument Company and which is a 
program extending many years into the 
future, there are many other activities 
in the plant which offer opportunities to 
engineers and physicists. 

Other missile guidance programs be- 
sides that of ballistic missiles are being 
worked upon also. Ford developed and 
built the launching computer for the 
Terrier Missile as installed on the USS 
Boston and Canberra. Special projects 
demanding talents in servomechanisms, 
data processing design, gunfire control, 
and aircraft instrumentation call for 
additional engineers now and in the future. 

Increasingly strict environmental con- 
ditions for equipment used in this super- 
sonic age calls for the design of special 
test equipment, the ability to direct 
elaborate shock, acceleration, temperature, 
and other tests of all components and 
systems. Engineering writers capable of 
preparing engineering reports, operation 
and maintenance manuals or instruction 
courses also have a future at Ford. 

Due to the nature of the company’s 
work, all engineers must be able within 
a reasonable time to obtain and retain a 
security clearance required to work on 
military equipment. 


Write in Today 


If vou are interested in a career in the 
field of missile guidance or in weapon 
control work—if you feel that your abili- 
ties and training qualify you for this work, 
write to Philip F. McCaffrey at the Ford 
Instrument Company, Division of Sperry 
Rand Corporation, 31-10 Thomson 
Avenue, Long Island City 1, N. Y. He 
will send you all information and let you 
know how an interview may be arranged. 
There is a future for capable engineers at 
Ford. 


Checking voltage and frequency accuracy of a power supply unit 
under simulated load conditions for a guidance system being 
developed for the Army Ballistic Missile Agency 
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Firestone Tire and Rubber Company 


Guided Missile Division 


2525 Firestone Blvd., Los Angeles 54, Calif. 


Organization 


HE Firestone Tire and Rubber Com- 

pany for many years has held a posi- 
tion of leadership in weapons research and 
manufacture. Engineering and produc- 
tion achievements at Firestone’s defense 
products facilities have included 90-mm 
tank cannon, 3-inch 0.50 caliber naval 
guns, 40-mm antiaircraft batteries, 106- 
mm recoilless artillery weapons, and 
troop-carrying gliders. 

A wide scope of engineering activities at 
Firestone’s Guided Missile Division is 
devoted to America’s first operational bal- 
listic missile, CORPORAL. Never-sleep- 
ing sentry for the nation, the CORPORAL 
is another example of the Firestone 
organization’s leadership in design and 
manufacture of modern weapons systems. 

Since Firestone accepted the challenge 
to produce the CORPORAL, engineering 
and development at the Guided Missile 
Division have demanded engineering per- 
sonnel of the highest caliber. The Los 
Angeles site of the Guided Missile Division 
was enlarged in 1955 by the construction 
of a multi-million dollar factory and engi- 
neering facility. 

Guided Missile Division activities are 
supported by the financial and managerial 
resources of the entire Firestone organiza- 
tion, a leader in American industry and re- 
search since its founding in 1900. 

The Guided Missile Division provides 
complete facilities for the development, 
engineering, fabrication, and evaluation of 
prototypes, and the production of resultant 
designs. 


A new multi-million dollar facility in 
Los Angeles was constructed in 1955 to 
house the Guided Missile Division 
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Activities 

Unlimited opportunity exists in the 
Guided Missile Division for engineers and 
recent engineering graduates. The pro- 
fessional development of each engineer is 
encouraged at Firestone, and is limited 
only by the capability of the individual to 
learn and by his ability to utilize his basic 
engineering education. 

Projects now under way in the Guided 
Missile Division include studies in flight 
simulation, environmental and flight test- 
ing of missile components, and the design 
of automatic test consoles for electronic 
equipment. Engineering effort is being 


expended on all phases of electronic com- 
ponent and circuit design, miniaturiza- 
tion processes, and in techniques of missile 
guidance. Studies are being conducted in 
automation and in computer research. 


Engineers in the Guided Missile Divi- 
sion have challenging responsibility in 
many new developmental projects 


In addition, electronic studies are under 


way in theoretical and applied systems, 
design of special test equipment, and sys- 
tems analyses. 

Engineers in the mechanical engineering 
sections are concerned with design, in pro- 
viding reliable hardware and documents, 
and insuring economic production for the 
Corporal system. Structures, ground sup- 
port equipment, propulsion, materials, and 
prototyping are included among the many 
projects conducted in this engineering 
phase. Involved fields include stress 
analysis, hydraulics, pneumatics, aero- 
elastics, thermo- and aerodynamics, metal- 
lurgy, and plastics research. 

Broad technical and laboratory facili- 
ties are the keynote of an aggressive re- 
search organization, and at Firestone these 
facilities are exemplary. 


Firestone engineer-trainees receive com- 
prehensive instruction in all phases of 
missile characteristics 


Integrated training programs for pro- 
fessional and managerial advancement are 
a vital part of the Guided Missile Divi- 
sion’s engineering effort. From the day 
each new engineer joins Firestone, he is 
given orientation by, and works with, 
qualified and experienced engineers. 

Firestone’s comprehensive engineering 
training program for recent college gradu- 
ates includes extensive classroom train- 
ing, followed by rotating assignments 
within the division. Classroom work, in 
combining lecture courses on the electronic 
and mechanical characteristics of missile 
systems with practical demonstrations of 
these principles, aids in preparing the 
young engineer for the diversity of assign- 
ments he may be given in the engineering 
department. 

In the on-the-job phase of Firestone 
training, the engineering trainee is guided 
by experienced engineers and is given 
responsible assignments as soon as pos- 
sible compatible with the degree of prob- 
lem complexity and the capabilities of the 
individual. This training plan is designed 
to provide each engineer with an assign- 
ment, after training, in which he can best 
utilize his talents and his capabilities. 

Academic training also is available 
through the Guided Missile Division. 
Located in the Los Angeles area are the 
California Institute of Technology, the 
University of Southern California, and the 
University of California at Los Angeles; 
Firestone’s employee advancement pro- 
gram provides for tuition reimbursement 
to employees successfully completing uni- 
versity and college courses during their 
employment. 
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General Electric Company 


Rocket & Jet Engine Development Center 


HERE'S an opportunity to join an 

expert Rocket Team that’s pioneered 
many improvements in rocket engines 
since GE ran the first U. S. tests on the 
German V-2 engines in 1947. And an op- 
portunity to enter a new field that’s just 
coming into its own. 


$100,000,000 Facilities to 
Work With 


You’ll have the most advanced _pri- 
vately-owned propulsion laboratory in the 
world to aid you. The General Electric 
Company has in full operation today, at 
the Evendale Development Center, facili- 
ties and equipment valued at more than 
$100,000,000—all built and equipped since 
the beginning of 1950. And more than 
half of this investment is exclusively in re- 
search, development, and test facilities. 


Advanced Engineering 


Rocket engineering is advanced in every 
sense—stimulating, demanding, tough, and 
immensely rewarding to able men. You 
can rise fast and go far in Rocket Develop- 
ment at GE. And the company will help 
you all the way. 


Rotating Assignment Plan 


GE acquaints engineers joining the 
Rocket Section with all phases of the work 
(research, design, development, and test). 
These appointments are WORKING AS- 
SIGNMENTS in various sections, lasting 


PORTHOLE TO TOMORROW. This new supersonic wind 
tunnel has been installed at the General Electric Company’s 
Development Laboratory at Evendale, Ohio, to work on to- 
morrow’s problems in the rocket and jet engine field. Air rushes 
through this tunnel at over 18,000 miles per hour. 
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Cincinnati, Ohio 


about four months each. They may be 
interrupted at any time by a PERMA- 
NENT assignment, if a man decides early 
on his major field of interest. Salaries for 
engineers entering the ROTATING AS- 
SIGNMENT PROGRAM are not set at 
any one figure, but depend upon educa- 
tional background and previous experience. 


Full Tuition Refund Plan 
for Graduate Study 


Speeding the professional development 
of its professional staff is a definite GE 
policy, practically expressed through in- 
dividual counselling, technical seminars, a 
Full Tuition Refund Plan for graduate 
study leading to advanced degrees (on an 
incentive basis). Participation in pro- 
fessional meetings and presentation of 
technical papers is encouraged with AGT— 
GE paying necessary expenses. 


Association with Authorities 
in Rocket Engineering 


. . .But the most important ‘educa- 
tional’ assistance of all that the company 
furnishes young professional men is CON- 
TACT WITH GE’S EXPERT ROCKET 
TEAM. Men work here in small groups 
with frequent consultation available with 
recognized authorities in this pioneer field. 


Extra Advantages Every GE 
Engineer and Scientist Enjoys 


These include respect and appreciation 
of his professional status with competent 


assistants doing the routine work. Salaries 
are high and based on experience, educa- 
tion, and performance. 


Openings for 
Graduates 


. . .Design and develop rocket engine 
valves, seals, and piping. Establish and 
maintain standards and instruction for 
their manufacture, test, installation, and 
operation. 

. . .Design, develop, construct, and test 
rocket engine seals and piping. Prepare 
standards and instructions for their 
manufacture, test, and use. 

...Assemble and test rocket engines 
from their functional components. Design 
and develop supporting members needed 
to mount engine components. 

. . .Design, develop, construct, and test 
propellant pumps. 

. .Design, develop, construct, and test 
turbines. Conduct performance analysis. 

. . .Create designs for high performance 
rockets; provide data on aerodynamic 
design and performance, and conduct 
theoretical and experimental investigations 
of designs created. 


Openings in both Malta, New York 
and Cincinnati, Ohio 


For further information, please write to: 


Mr. Bruce MATHEWS 
Technical Recruiting Bldg. 100 
Aircraft Gas Turbine Division 
General Electric Co. 
Cincinnati 15, Ohio 


COMBUSTION TEST CELL. One of General Electric’s com- 
bustion test facilities, used to test new combustion systems for 
future rocket and jet engines. 
of preparation prior to a burner test. The large tank in the fore- 
ground serves to straighten airflow for entrance into test section. 


It is shown in the final stages 


27-8 


n- 
‘0- 
ire 
vi- 
‘ 
is 
h, i 
ng 
n- 
its 
in 
1ic 
ile 
of 
‘ 
0- 
nt 
air 
— 


Grand Central Rocket Company 


Box 111 
Redlands, Calif. 


Are You Bewildered? 


Y NOW you have probably been 

drenched by a shower of job oppor- 
tunities. Perhaps you feel inundated by 
the deluge of titles, positions, and fringe 
benefits offered by the larger organiza- 
tions. 

With your future at stake, you should 
give serious consideration to the size of the 
organization that you join. Perhaps you 
should think of the size of the organization 
as representing a common denominator 
and yourself representing the numerator. 
You may well be alarmed at the prospect 
of becoming a single drop in a very large 
bucket. We would like to discuss the 
advantages offered by a comparatively 
small but rapidly expanding organization. 


We Offer Opportunity 


We can offer you the opportunity to 
grow with a young and vigorous organiza- 
tion in a new and expanding industry. 

You will receive extensive on-the-job 
training in the scientific, technical, or 
managerial field that you find of interest 
to you. 

For example, we are currently working 
on the third-stage rocket for Vanguard. 

You will have the opportunity to 
shoulder individual responsibility and to 
pursue many of your own ideas of con- 
ception to completion. 

You will have opportunities for advance- 
ment which are limited only by your 
ability and your initiative. 

You will have an opportunity to actively 
participate in research, development, and 
production programs of vital interest and 
extreme importance to the welfare of our 
country. This includes probing into 
exciting new frontiers in the fields of long- 
range missiles and satellites. 


Career Potential 


Grand Central offers future careers in 
all branches of engineering and the 
sciences. A balanced group of aero- 
dynamists, mechanical and chemical engi- 
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neers, structures engineers and physicists 
make our team capable of designing rocket 
motors from the broad systems viewpoint. 
Each project presents new challenges and 
new problems. 

Although new applications of existing 
propellants have provided much of our 
business, Grand Central has made its 
basic research a paying proposition. We 
have answered the demand for larger 
power plants with successful designs from 
our own drawing-boards. We have met 
the challenge for higher performance pro- 
pellants with proved new formulations 
now in use. Members of our team not 
only get valuable technical training on 
the job but have ample opportunity to 
grow in administrative skill as they co- 
ordinate the various phases of work on an 
assigned project. 

In addition to the training inherent in 
research and development work, Grand 
Central is planning a program of formal 
accredited courses in all phases of rocketry. 


A Growing Team 


Grand Central Rocket Co. is a team of 
engineering, scientific, and production 
personnel managed by recognized leaders 
in the solid propellant rocket industry. 
The purpose of this team is to engage in 
applied research, development, and pro- 
duction of solid propellant power plants 
for all types of rocket applications. A 
major portion of effort is assigned to the 
design and development of high perform- 
ance solid propellant rocket motors for 
missile propulsions systems. 

Formed in 1952, Grand Central has 
since built and privately owns a new and 
modern facility designed specifically for 
production and testing of solid propellant 
rockets. The original plant capacity has 
been greatly increased by new construc- 
tion this past year and we now have a new 
air-conditioned Administration Building 
under construction. 

The present plant has been built in one 
corner of a 1000-acre site which assures us 
ample room for expansion. Our rapid 


growth is indicated by the fact that we 
have doubled our personnel to 150 em- 
ployees this past year, and we expect to 
double in size again this year. 


A Choice Location 


Grand Central Rocket Co. is located in 
the most desirable part of Southern 
California. The plant is in a smog-free 
citrus area on the outskirts of Redlands, 
a city of twenty-thousand people. Red- 
ands lies 65 miles east of Los Angeles at 
the foot of the San Bernardino Mountain 
Range. An hours drive will take you to 
the mountains, desert or beaches. Red- 
lands is a fine residential city with excellent 
schools and many civic and cultural ad- 
vantages. The University of Redlands 
and the University of California at River- 
side provide opportunities for undergradu- 
ate and advanced study. 


Summary 


We believe that you will find unusual 
opportunities in a young dynamic or- 
ganization. At Grand Central Rocket 
Co. we know that we can offer you these 
opportunities: 


@ The opportunity to work with one of 
of the best teams in the Rocket Indus- 
try. 

@ The opportunity to advance your train- 
ing under recognized leaders in the 
field. 

@ The opportunity to develop a profitable 
and challenging career. 

@ The opportunity to advance rapidly 
with an expanding organization. 

@ The opportunity to live in one of the 
finest communities in Southern Cali- 
fornia. 


These opportunities are available to 
Mechanical, Structural, Chemical, Aero- 
nautical, Industrial, Electrical, and Civil 
Engineers; to Mathematicians, Metal- 
lurgists, and Physicist; to Technical 
Writers and Illustrators; and to graduates 
in the field of Business Administration. 
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Hughes Research and Development Laboratories 


Office of Scientific Staff Relations 
Culver City, Calif. 


HE keystone to Hughes participation 

in the rocket propulsion field lies in the 
successful application of the weapons 
system concept for airborne guided mis- 
siles and their associated fire controls. 
In 1948 it was recognized that the power 
plant would play an essential part in the 
success of the over-all missile systems. 
Accordingly, a propulsion group was or- 
ganized which, by working closely with 
the other missile designers of the Hughes 
team, could design and develop power 
plants to fulfill the highly specialized re- 
quirements of the airborne weapons sys- 
tem. Starting with a nucleus of a half 
dozen people, this propulsion activity has 
grown to a group of about 85. The Pro- 
pulsion Department is one of the eight 
basic departments of the Guided Mis- 
sile Laboratories. In a like period the 
Guided Missile Laboratories have grown 
correspondingly, increasing from less than 
100 in 1948 to its present size of approxi- 
mately 1400. 

The guided missile is emerging as one 
of the most important weapons in Amer- 
ica’s defense arsenal. The Hughes guided 
missiles have been made possible by 
successfully combining the most ad- 
vanced technology of electronics, mechan- 
ics, aerodynamics, and propulsion. The 
rocket motors developed by Hughes have 
successfully answered the demand for 
high-performance and_ reliable missile 
propulsion. 

More specifically the propulsion group 
at Hughes initiates rocket motor designs 
and carries through the fabrication of ex- 
perimental units, development testing 
under various environmental conditions, 
and release of drawings for production at 
the Manufacturing Division of Hughes 
Aircraft Company, at Tucson, Ariz. 
With solid propellant motors such as used 
for the Hughes-developed FALCON, a 
small air-to-air missile, support from other 
companies is relied upon for propellant 
development and loading operations. In 
this connection, important contributions 
have been made by several of the leading 
rocket manufacturers and laboratories. 
This diversified support permits con- 
tinuing appraisal of the entire solid 
propellant industry by Hughes engineers. 

Field testing is conducted at remote fa- 
cilities such as USAF Holloman Air Force 
Base, Alamogordo, N. Mex. 

All of the Hughes propulsion activities 
to date have been undertaken for the 
United States Air Force. The original 
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version of the solid propellant rocket used 
for the Hughes FALCON is a specific 
example of the product of the Propulsion 
Department. Because of the practical 
demonstration of the feasibility of airborne 
guided missiles there is a constantly in- 
creasing demand for newer and higher per- 
formance rocket motors to propel the 
missiles of the future now in the planning 
stages. To accomplish these challenging 
tasks a professional team of approximately 
30 engineers is required. This team con- 
sists primarily of men trained in me- 
chanical, chemical, and aeronautical engi- 
neering. Imagination and initiative as 
well as technical training are vital factors 
in the successful development of rocket 
motors to fulfill the increasingly difficult 
propulsion requirements. 

The propulsion activities are conducted 
at Hughes main Culver City plant which 
is located just 11 miles from downtown 
Los Angeles and within two miles of 
Santa Monica Bay. The surrounding 
area is zoned primarily for agricultural 
and residential purposes. The Hughes 
location is convenient to the University 
of California at Los Angeles, the Univer- 
sity of Southern California, and the 
California Institute of Technology, for 
those engineers wishing to further their 
professional careers by taking after-hour 
courses. The cost of these courses is 
partially or completely reimbursed by 
Hughes, depending upon the circum- 
stances. In addition, several courses are 
given at the Laboratories. 

Exceptional opportunities are afforded 
by Hughes in their programs for ad- 
vanced technical training. These are 
principally the Howard Hughes Fellow- 
ships for Doctorates at CalTech, and a 
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F-89H firing Hughes FALCON guided missiles 


Master of Science Cooperative Program 
at UCLA, USC, and CalTech. The 
Howard Hughes Fellowship has _ been 
established to aid in the training of out- 
standing research scientists and engineers 
in many fields, including propulsion. 
Each fellow is provided sufficient remu- 
neration so that he can devote four-fifths 
of his time to his fellowship during the 
academic year, and during the summer 
months he devotes full time to the Hughes 
Laboratories. The Master of Science Co- 
operative Program is a two-year pro- 
gram. The student works full time at the 
Laboratories during the summer and part 
time during the university year. Master 
of Science degrees are awarded in such 
fields as electrical and mechanical engi- 
neering and physics, upon the successful 
completion of the two-year program. 

In addition to the educational oppor- 
tunities, many of the other employee 
benefits at Hughes are considered ex- 
ceptional. Hughes pays the full pre- 
mium on the employee’s life insurance 
and testing and aviation insurance, as 
well as the workman’s compensation and 
unemployment insurance. There are also 
attractive group insurance plans that can 
cover both the employee and his de- 
pendents. There is an attractive volun- 
tary retirement plan. Other features of 
employee benefits are seven paid holidays 
per year and scheduled periodic reviews to 
assure that salary increases are in keeping 
with professional growth. 

Those wishing to obtain further infor- 
mation concerning opportunities and pro- 
fessional careers at Hughes can do so by 
contacting the Office of Scientific Staff 
Relations, Hughes Aircraft Company, 


Culver City, Calif. 
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International Business Machines Corporation 


5390 Madison Avenue, New York City 


A Field as Big as the Sky— 
Airborne Computer 
Engineering 

It seems likely that the future of flight 
guidance will, in large measure, evolve 
from the advances made in the develop- 
ment and design of airborne computers. 
For the aggressive and creative engineer, 
the airborne computer field holds an in- 
finite potential—truly a field as big as the 
sky. 

As an IBM engineer, in the Airborne 
Computers Laboratory, you'll have the 
opportunity to utilize facilities that rank 


This is an architect’s drawing of IBM’s new Airborne Computer 
Laboratory and manufacturing facilities, to be completed late this 
year at Oswego, N. Y. (Near Binghamton and Ithaca, N. Y.) 


among the finest in the world—in an 
atmosphere that stimulates and sustains 
engineering ingenuity. Here, at IBM, 
you can pioneer your ideas. To illustrate 
the point, IBM developed and is now 
producing the computing equipment for 
the navigational system, being used in the 
new Air Force B52’s. Advanced projects 
of even greater importance are now 
underway, and they, too, require the 
knowledge, skill and originality of creative 
engineers. 

If you possess experience in any one 
of the following areas: digital and analog 
computer circuitry and design...transistor 


circuitry...electronic display systems... 
microwave theory and wave guide design... 
component application and evaluation... 
electronic packaging...power supply de- 
sign...servo and servo-control systems...op- 
tics...systems analysis and operations re- 
search...instrumentation theory and de- 
sign...field engineering...then, in terms of 
your professional growth, you’d be wise to 
investigate IBM. 

If interested, write, outlining your back- 
ground and interests to: W. M. Hoyt, 
International Business Machines Corp., 
590 Madison Avenue, New York 22, 
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The M. W. Kellogg Company 


A Subsidiary of Pullman Incorporated 
711 Third Avenue, New York 17, N. Y. 


Products Manufactured 


High Strength Steel Rocket Cases for 
Navy Guided Missiles: 

The M. W. Kellogg Company has 
been designing and fabricating rocket 
cases for the Navy Department since 1951. 
During this time, the company has 
pioneered in the development of propul- 
sion equipment for most of today’s ship- 
to-air guided missiles. The Terrier mis- 
sile, for example, uses Kellogg designed and 
built booster rockets, as does the Talos 
Missile. Initial development has been 
carried out on a wide range of missiles, in- 
cluding the NIKE, Snark, Honest John, 
and Sparrow designs. 


Scope of Company 


The M. W. Kellogg Company’s func- 
tion in the design and manufacture of mis- 
sile rocket cases is to prepare detailed 
working designs for extremely high 
strength steel structures. The rocket 
case is essentially a pressure vessel, and 
The M. W. Kellogg Company has 
pioneered in the development and manu- 
facture of such vessels, using the highest 
strength materials known to engineering 
science. 

In addition to its development and fab- 
rieation techniques, the Kellogg organiza- 
tion has been one of the leaders in the 
analytical study of these structures. The 
Kellogg analysis method is now used ex- 
tensively in the industry. 

M. W. Kellogg engineering has also 
pioneered in the development of rein- 
forced plastic for these structures, using a 
unique filament winding method which 
produces structures of unparalleled ac- 
curacy and light weight. 


Place of the Engineer 


Engineering of rocket cases at M. W. 
Kellogg may be divided into four general 
categories, all related intimately to good 
mechanical and aeronautical engineering 
skills. 


1. Design Engineers: 


The design of rocket cases is a delicate 
balancing operation in which a structure 
is devised to behave like the traditional 
“one horse shay.’’ The structure is de- 
signed so that ideally the breaking point 
is reached in all portions simultaneously. 
This is done to reduce weight to an abso- 
lute minimum. A designer requires skills 
in analysis of stresses, in fabrication and 
welding methods, in the use of high 
strength heat treated steels and, above 
all, a knowledge of the application of 
these steels to the guided missile—includ- 
ing external and internal ballistics. 
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2. Project Engineering: 


The guided missile rocket is one part of 
a complicated assembly made by many 
different firms, all working through the 
Bureau of Ordnance of the Navy Depart- 
ment. Since these structures are usually 
developmental in nature, they are subject 
to a continuing series of design changes af- 
fecting mating parts, and an extensive 
project engineering program is continu- 
ously under way to assure that the parts 
as manufactured meet all of the detailed 
customer requirements. Project En- 
gineering includes coordination with fab- 
rication personnel and with the customer 
on a continuous basis. 


3. Manufacturing Engineering: 


The rocket business is entering a phase 
of its development in which experimental 
designs are being transformed into produc- 
tion pieces. The manufacturing or in- 
dustrial engineer working on this program 
is faced with a host of challenging problems 
to improve producibility without sacrific- 
ing the high quality of product absolutely 
necessary in this case. 


4. Development Engineering: 


The rocket industry, along with the air- 
craft industry, is moving rapidly in the de- 
velopment of new materials of fabrication 
and methods of design. The development 
engineer at M. W. Kellogg requires an 
over-all knowledge of the problem, a 
knowledge of experimental methods and 
techniques, coupled with a solid back- 
ground in mechanical and metallurgical 


engineering. The development engineer 
must be agile of imagination so that he 
may adapt himself to entirely new prob- 
lems and programs, including the use of 
reinforced plastics and _ several novel 
methods of construction. 


Company Location 


M. W. Kellogg’s rocket activity is cur- 
rently located at its Jersey City plant near 
the heart of metropolitan New York City. 
Most Kellogg engineers live in suburban 
northern New Jersey. They are thus 
close to the cultural, educational, and 
recreational facilities of the world’s largest 
city. 


Employment Policy 


In addition to the more or less standard 
provisions of retirement benefits, vaca- 
tions with pay, group insurance, etc., the 
M. W. Kellogg Engineering Department 
offers to young engineers an opportunity 
to engage in a growing active business in 
which a variety of skills is required. This 
is particularly true of the Rocket Engi- 
neering Group. Being relatively small, it 
enables young engineers to receive indi- 
vidual attention in the development of 
their careers, and to participate in a 
number of different activities during their 
early years with the company to give 
them a broad background for future de- 
velopment. The salary policy of the com- 
pany is liberal and conforms to the average 
in the industry. 


The M. W. Kellogg Company has been a leader for over 50 years in the design and 

fabrication of high pressure, high temperature process equipment for petroleum refineries. 

This experience, on equipment such as shown above, is largely responsible for M. W. 
Kellogg’s position today in the rocket program 
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Land-Air Incorporated 


201 North Wells Street 


Scope 


AND-AIR, INC., was organized in 
1946 and is a subsidiary of California 
Eastern Aviation, Inc. It consists of 
seven operating divisions with a roster of 
approximately 1600 employees. Execu- 
tive offices are located in Chicago. 

The company engages primarily in U. 
S. Government contracts, in avionics, 
electronic engineering, and manufacturing 
of electronic and electro-mechanical de- 
vices. The diversity of the fields covered 
by these contracts has enabled Land-Air 
to build an invaluable staff of experienced 
and highly specialized engineers and tech- 
nicians. This strengthens Land-Air’s po- 
sition in entering non-governmental fields. 

Land-Air participated in the establish- 
ment of the missile tracking operations at 
Holloman Air Force Base, New Mexico, 
in January, 1949. Since then, Land-Air 
has been under contract for the tracking 
of all guided missiles and drone aircraft 
operated from this test range. To carry 
out this mission, Land-Air has engaged in 
a research and development in the field 
of specialized optical and electronic de- 
vices used in range instrumentation. 

The missile program led to the establish- 
ment of the Instrument and Electronic 
Division, an engineering laboratory and 
manufacturing facility at Oakland, Calif., 
where a staff of engineers, scientists, and 
technicians are doing ‘on the spot” 
functional fabrication of new equipment 
and new instrumentation techniques. 
Products of this division involve research, 
design, engineering, fabrication, servicing, 
and installation. They include a Time 
Signal Generator, which generates and 
transmits—by wire and radio link, a coded 
timing signal utilized in data collection 
equipment to provide the collation of data 
recorded. Other efforts have resulted in 
ultra-high speed cameras, telemetry, and 
specialized tracking devices such as the 
Orthogonal Coordinate Tracking Instru- 
ment. Subminiature radio receivers in a 
wide fixed frequency range and associated 
power supplies, each measuring 1” X 
3” X 9” were designed and are currently 
being manufactured by this division. 

The Cheyenne, Wyo., Division de- 
signs, engineers, and prototypes the in- 
stallation of electronic equipment in Air 
Force and’ Navy aircraft. These func- 
tions are primarily associated with elec- 
tronic countermeasures, radar, communi- 
cation, and navigation electronic equip- 
ment. In addition, this division effects 
modifications of military planes in pro- 
duction quantities. 

The Chicago Manufacturing Division 
produces electronic modification kits for 
installation of communication, naviga- 
tion, and identification equipment. These 
kits contain all required parts to permit 
installation in an aircraft located at its 
normal operating base. This division 
also produces aircraft engine analyzers 
which are used in military and commercial 
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aircraft for guidance in observing and de- 
fining internal malfunctions of engines. 

Field Operations Division, headquar- 
tered in Chicago, furnishes field crews 
specializing in electronic equipment in- 
stallation to the Air Force and Navy. 
Installation crews operate from Air Force 
Bases in the United States and at over- 
seas locations. This division has also 
designed and installed electronic com- 
munication equipment for the Corps of 
Engineers and the National Park Service, 
utilizing microwave transmission and 
radio telephones. 

Land-Air operates a facility at Point 
Mugu, Calif., where data collected by the 
U. S. Naval Air Missile Test Center are 
processed. Such processing utilizes the 
latest electronic reading, plotting, and 
computing equipment. 

In the field of data processing, the com- 
pany maintains a division in Los Angeles 
offering such services on a commercial 
basis, involving payrolls, inventories, and 
other allied business functions. 

In other fields the company is furnish- 
ing qualified engineering services and 
technical representatives to contribute in 
the research, development, and resolving 
of various problems in the fields of com- 
munication, radar, radio, and missile de- 
velopment. 


Facilities 


Most equipment research and develop- 
ment programs are performed at the In- 
strument and Electronic Division, where 
adequate facilities and the latest elec- 
tronic test equipment are available. 
Production, while performed at the I. & E. 
Division on limited quantities, is usually 
performed in the Chicago Manufacturing 
Division. The Chicago Division also 
maintains an engineering Department and 
laboratory facilities. 


Missile Background 


Land-Air’s experience has primarily 
been in the field of testing and tracking 
guided missiles and rockets. The great- 
est effort has been directed to the im- 
provement of data collection techniques 
involving the development of data col- 
lection instrumentation systems. 


Products—Future 


Land-Air products are primarily elec- 
tronic, optical, and highly specialized 
cameras that are offered to the various 
agencies of the Department of Defense, 
which represents a considerable future in 
further product development. Other prod- 
ucts, such as the engine analyzer and as- 
sociated accessories, receivers and power 
supplies, are offered to commercial con- 
cerns in addition to the Department of 
Defense. This field also represents tre- 
mendous future potentials. 


Chicago 6, Ill. 


Your Career 


The diversification of company efiort 
provides a multitude of opportunities in 
electronic, electrical, mechanical, acro- 
nautical, and automation fields. This 
wide range of talent requirements is fur- 
ther enhanced by the youthfulness of the 
company, thus providing the opportunity 
for further development in any chosen 
career. The company is expanding «nd 
such expansion creates more good jobs 
than there are good men to fill them. 


Promotions 


This company’s success is attributed to 
the policy that it purchases performace 
from its employees, rather than time. 
All employees are reviewed twice annually, 
which provides the company an oppor- 
tunity to reward its employees on a merit 
basis. 


Project Opportunity 


This company believes that every key 
man involved in a project should be 
familiar with the end product. 


Research 


Land-Air is definitely growth minded, 
and fully cognizant that growth is de- 
pendent upon research. 


Further Education 


The company pays one half of all 
tuition, books, and associated educational 
costs upon satisfactory completion of any 
approved course related to an individual 
employee’s job. 


Training 


A management training program as 
such has not been inaugurated, since cur- 
rent size of the company does not jus- 
tify such implementation. Management 
training, in a more general concept, is 
offered in the same degree as that pro- 
visioned for further education. 


Working Conditions 


Individual qualifications dictate the 
division to which employees are assigned. 
Thus, assignment is made to one of the 
following locations: Alamogordo, Mex.; 
Los Angeles, Calif.; Oakland, Calif.; 
Cheyenne, Wyo.; Chicago, IIl.; or to 
Japan or Europe. 


Benefits 


A retirement plan has not yet been in- 
augurated, since Land-Air is a youthful 
company. Existing benefits include com- 
pany-paid life insurance, hospitalization, 
and health and accident insurance. 
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Arthur D. Little, Inc. 


30 Memorial Drive, Cambridge 42, Mass. 


A®THUR D. LITTLE, INC., is a 

consulting industrial research and 
engineering organization, established in 
1886, and is one of the largest and most 
diversified of today’s technical consulting 
companies. 

Our business is to apply science, tech- 
nological skill, and sound business judg- 
ment in dealing with clients’ problems anc 
aspirations. 


Opportunities at ADL 


Members of the technical staff feel 
that ADL offers opportunities to perform 
satisfying, productive work in a profes- 
sional atmosphere. As a new staff mem- 
ber, you will usually begin work as one of a 
team assigned to a particular project. 
Since the typical project lasts only a few 
months, there is a continual flow of chal- 
lenging new assignments, each having 
elements of novelty, variety, and interest. 
You will find that true job stimulation and 
satisfaction will result from the diversified 
nature of your work and from your close 
association with business and professional 
leaders. There are always opportunities 
for people with sound technical back- 
grounds who can deal effectively with 
clients and assume responsibility for super- 
vising the work of others. Although most 
of our openings require some industrial 
experience, each year we add to our staff a 
few new graduates who show unusual 
promise. 

The technical work at ADL, Inc., 
covers many fields—a few of particular 
interest are outlined below. Current 
projects include a number of assignments 
in fuel processing and handling, thermo- 
dynamics, upper air research, and other 
technical areas directly related to rocket 
development. 

The Applied Mechanics group is pri- 
marily interested in the application of 
analytical methods to the solution of tech- 
nical problems. Through the combina- 
tion of mathematics and scientific know]- 
edge, they solve problems by isolating and 
attacking the basic factors controlling a 
situation. Recent assignments have in- 
cluded work in the fields of stress analysis, 
dynamics, vibrations, fluid flow, heat 
transfer, acoustics, and noise reduction. 

The Cryogenic Engineering group has a 
broad background in the application of the 
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latest developments in low-temperature 
technology to the processing of gases. 
They are pioneering in the development 
of techniques for the handling, processing, 
transportation and storage of liquefied 
gases, such as methane, oxygen, hydrogen, 
and helium. Briefly, their work is a 
unique combination of advances on the 
front line of cryogenic research and the 
use of these developments in the design 
of prototype equipment. Their work 
demands experience and facility in the 
areas of gas technology, thermodynamics, 
refrigeration, heat transfer, and cryo- 
genics as well as a good “‘down-to-earth”’ 
ability to design process equipment. 

The Physics group is concerned with 
the application of fundamental theory to 
the solution of practical problems. Recent 
work has included studies of the funda- 
mental properties of glass, a study of the 
mechanism of the explosion of ammonium 
nitrate, and investigations of the nature of 
clouds and their behavior. 

Operations Research. Arthur D. Little, 
Inc., has been pioneering since 1949 in the 
application of Operations Research to in- 
dustrial problems and continues its lead- 


Mechanical and Chemical Engineering Research Buildings 


ership in this field. Physicists, mathe- 
maticians, chemists, and engineers are de- 
veloping new techniques in such diverse 
areas as the planning and control of pro- 
duction or the design and evaluation of 
communication and other logical systems. 
The scientist finds expression for his orig- 
inality and analytic thinking and must 
draw heavily on his experience in scientific 
research to develop new fundamental ap- 
proaches to operating problems. 


Location 


The Boston area, with its excellent 
education and research facilities, is home 
base for many of the nation’s leading tech- 
nical minds. Here are unparalleled op- 
portunities for the pleasure and stimulus 
of association with fellow engineers and 
scientists—leaders in their fields. 

Our main office is located on ‘‘Research 
Row” in Cambridge and our Laboratories 
are in West Cambridge. A few minutes’ 


drive from the office, you are in attractive 
residential suburbs—pleasant New Eng- 
land towns—convenient to the cultural 
and business facilities of Boston and to the 
recreational attractions of New England. 
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MARTIN, the pioneer in upper air 
research with the VIKING rockets, is 
the PRIME CONTRACTOR for the 
first EARTH-CIRCLING SATELLITE 
(VANGUARD), which will be launched 
during the International Geophysical 
Year, July 1957-December 1958. This 
vehicle will furnish hitherto unattain- 
able scientific information on the upper 
atmosphere. 


Vanguard is a three-stage rocket—the 
first liquid fuel rocket to be controlled 
without the use of fins. The three stages 
will lift Vanguard to approximately 300 
miles in ten minutes. Careering at 18,000 
miles per hour, the satellite will girdle the 
earth every 90 minutes, in an elliptical 
orbit. Eventually, atmospheric drag will 
bring it into the lower reaches of the at- 
mosphere, where it will burn briefly and 
disintegrate after the manner of a meteor. 

The first-stage rocket resembles the 


Martin 


Baltimore 3, Md. 


Martin Viking, which attained an altitude 
of 158.4 miles—a world’s record for single- 
stage rockets. 

The satellite is launched vertically. 
When fuel is exhausted, the first stage 
separates and drops off—the second stage 
then taking over. The second stage tilts 
the flight course at an angle from the 
vertical and, at fuel exhaustion, the 
number two rocket separates. Finally, 
the third rocket climbs to altitude, where 
the satellite vehicle separates and begins 
its orbit. 


An INTERCONTINENTAL BAL- 
LISTIC MISSILE, THE TITAN, is 
also under way at Martin. This strate- 
gical weapon of the Air Force has a range 
equal to one quarter of the distance 
around the globe. Work on the Titan 
is going forward with the highest mili- 
tary priority. News of Martin’s as- 
signment to build this intercontinental 


Aerodynamics and Propulsion 


ballistic missile was announced only 
this spring by the Secretary of the Air 
Force, so that design details on this 
weapon are still under strict security 
wraps. 


Just as Vanguard extends the province 
of the Viking, the surface-to-surface Titan 
comes as a long-range successor to the 
Martin Matador tactical missile. Muata- 
dor is the first such missile to become 
operational with the Air Force overseas— 
and the first to enter quantity production. 
More advanced Matador designs are in 
current development. 

To engineers, Martin’s leadership in 
rocket and missile design means present op- 
portunity for an unlimited future. The 
Vanguard, Titan, Viking, and Matador 
programs are indisputable earners of that 
leadership. Martin has a present and con- 
tinuing need for the far-sighted engineer— 
especially in the fields noted below. 


Ballistics, Heat Transfer, Gas Dynamics, Propellants, Combustion, Fluid Flow 


Flight Path Control 


Guidance, Controls, Computers, Tracking 


Structures 


Extreme Temperature Materials, Environmental Vibration and Shock 


Product Design 


Airframe, Equipment Integration, Support Systems 


Testing 


Instrumentation, Data Processing, Telemetering, Flight Testing 


Upper Atmosphere Research 


Ionosphere, Meteorology, Gravity, Cosmic and Solar Radiation, Density, Pressure, Temperature 


Contact: J. M. Hollyday, Martin Company, Baltimore 3, Md. 


TRAJECTORY OF VANGUARD, showing burnout position of 
first rocket stage (A), burnout of second stage (B), initiation of 
third stage spin and separation of second stage (C), and burnout 
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of third stage (D). 


Orbiting altitude is 300-400 miles, reached 
10 minutes after launch, when the three staging rockets have 
been expended and the vehicle has covered 1500 miles 
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fy ARTIST’S CONCEPTION of launching of VANGUARD re- from which scientists will fire the rocket and record its course. 


hed — search vehicle, which will carry first man-made satellite to an The Navy is sponsoring VANGUARD with support from the 
ave | orbit around earth. In background is gantry used to position other two Armed Services. Launching will take place at Cocoa, ; 
the vehicle on its launching stand; also concrete blockhouse, Florida, during International Geophysical Year 
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NGINEERS AND TECHNICIANS 

are needed to operate the Air Force 
Missile Test Range, with its launching 
site near Patrick Air Force Base and its 
chain of bases stretching for thousands of 
miles into the Atlantic. 

Your future may begin in Florida with 
Pan American World Airways, Inc., Range 
Contractor, and its dynamically expanding 
Guided Missiles Range Division. For new 
horizons, horizons in space, HORIZONS 
i UNLIMITED, guide your career toward 
i the greatest of missile test ranges. 

Pan American’s Guided Missiles Range 
Division was created in 1953 for the pur- 
pose of managing, operating, and main- 
: taining the Air Force Missile Test Range. 
: To direct our work here we need Project 


|| Engineers and specialists for administra- 
| tive engineering, planning and design, 
liaison work in the fields of instrumenta- 


tion—telemetry, timing, radar, and com- 
munications. 

Unique opportunities are here for Elec- 
tronic Engineers specializing in radar, 
with experience in precision tracking, 
search radar, and digital and analog com- 
puters. Exciting prospects are open for 
men with sound knowledge of radio com- 
munications, teletype, telephone, and 
microwave systems. Required for these 
positions are a BS., EE., or higher degree, 
or previous experience equivalent thereto. 
Chemical, civil, mechanical, and launching 
pad safety engineers will also be selected 
for key positions in one of the top-priority 


The AFMTC missile test range extends 5000 miles 


developments of world history. If you 
are a chemical engineer familiar with ex- 
plosive and toxic fuels, liquid oxygen, and 
solid propellants—or if you have a Safety 
background coupled with knowledge of 
electronics, electromechanical systems, 
and missile propellants—you will be wise 
to contact us. Again, degrees or equiva- 
lent experience are required. 


The master planning and design of intri- 
cate facilities will furnish jobs for an elite 
corps of civil, mechanical, and electrical 
engineering specialists. Prodigious plans 
for range facilities, modifications, and 
maintenance will occupy the group of civil 
engineers chosen. Mechanical engineers 
preferred are those with experience in fuels, 
high-pressure air systems, and the design 
and maintenance of pumping plants, hoist- 
ing and transport machinery. Electrical 
engineers with backgrounds in power dis- 
tribution design and maintenance may 
qualify for jobs of unusually challenging 
interest. 


If you need short-range inducements 
and special offers to join our team of 
engineering specialists, you will not find 
them. We want men who think long- 
range, to operate the longest missile test 
range in the world. Advancement oppor- 
tunities are especially good, due to our 
policy of promotion from within. A 
man’s advancement depends only on his 
ability. Starting salaries compare favor- 
ably with others in the field. Merit in- 


AIR FORCE MISSILE TEST CENTER 
30 


NORTH ATLANTIC 


OCEAN 


COUL 


SOUTH 


PACIFIC 


OCEAN 


© STAT) 
CANAVERAL ARPS 
Grane TURK 


wavagutz sare 


ONS 


SOUTH 
ATLANTIC OCEAN 


Pan American World Airways, Inc. 


Guided Missiles Range Division 
Patrick Air Force Base, Florida 


creases and prompt promotions are avail- 
able to men who qualify. We are proud 
of our Company benefit program, which is 
one of the best in the country. It includes 
group insurances, retirement, sick leave, 
paid vacations, recreation, and up to 85 
per cent discounts for employees and de- 
pendents on world-wide and domestic air 
travel. As for pleasant living, Florida’s 
virtual monopoly on golden days and star- 
lit nights is still unchallenged! 

A few select students graduating with 
degrees in the fields listed will be ac- 
cepted without experience and will find 
Pan American a uniquely suitable place to 
begin their careers. Operating under 
senior engineers will provide background 
and training unobtainable elsewhere. 

Key supervisors are young men with in- 
itiative, imagination, and a great deal of 
creative ability. They weighed the differ- 
ence between a job and a future, and chose 
Pan American—as you may wish to do. 
If you would like to become a part of this 
future, to share in vast progress which may 
go beyond the realms of this earth, fix 
your sights on the stars and Guide Your 
Career Toward Guided Missiles! 

Experience résumés should be submitted 
to the Industrial Relations Manager, Pan 
American World Airways, Inc., Guided 
Missiles Range Division, OMU Box 308, 
Patrick Air Force Base, Fla. All résumés 
will be acknowledged and interviews will 
be promptly arranged with those believed 
qualified to join the Pan American team. 


PAA technicians supervise missile control systems 
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The Ramo-Wooldridge Corporation 


5730 Arbor Vitae Street, Los Angeles 45, Calif. 


HE Ramo-Wooldridge Corporation 

was founded in September 1953, to 
conduct research, development, and manu- 
facturing operations in the broad fields of 
electronic systems and guided missiles. 
From the beginning, the principal com- 
pany objective was to establish and main- 
tain a high level of competence in major 
systems development and engineering. 

Both because of the national need and 
the inclination and experience of the key 
people, the emphasis in The Ramo- 
Wooldridge Corporation is on the de- 
velopment of products containing a high 
content of scientific and engineering new- 
ness. Prominent examples are the Inter- 


Technical Personnel 


Our total employment is 1750, but such 
figures tell only a limited story. Personnel 
quality factors are most important in our 
kind of business. We believe we are 
doing well in this respect. Of the 110 
PhD.’s, 145 MS.’s, and 205 BS.’s or 
BA.’s who today make up our professional 
scientific and engineering staff, a gratify- 
ingly high percentage are men of broad 
experience and, occasionally, national 
reputation in their fields. 


Financing 


Adequate financing for our growth, as 
well as other important corporate ad- 
vantages, were secured early by establish- 
ing strong ties with Thompson Products, 
Inc., one of the nation’s most progressive 
large corporations. Arrangements have 
been made with Thompson for up to 
$20,000,000 of additional financing to 
cover the Ramo-Wooldridge expansion 
requirements of the next few years. 


For a copy of our booklet, ‘“‘An Introduction to The Ramo-Wooldridge Corporation,’ 


continental Ballistic Missile and the 
Intermediate Range Ballistic Missile, Air 
Force programs for which we have over-all 
systems engineering responsibility. Other 
examples are communications, fire control, 
and computer programs for the military, 
and automation and operations research 
projects for business and industry. 

All features of the organization and of 
the operational procedures of the company 
are designed to be as appropriate as pos- 
sible to the special needs of the professional 
scientist and engineer. Because of the 
high degree of scientific and engineering 
effort that is required for the successful 
development of major systems, it is im- 


Facilities 


Our Los Angeles facilities, located in the 
International Airport area, consist of 
eight buildings totaling 360,000 square 
feet of modern research and development 
space. By the end of 1956, an additional 
220,000 square feet of offices and labora- 
tories will be completed or nearing com- 
pletion to bring the total to 580,000 
square feet, including the first two build- 
ings of our new 40-acre Research and 
Development Center. 


Manufacturing 


We are somewhat ahead of the usual 
systems development schedule, with some 
of our projects having arrived at the field 
and flight-test stages. Arrangements are 
currently being completed to provide a 
manufacturing plant for quantity produc- 
tion of electronic systems. Construction 
of the initial unit of 172,000 square feet 
is expected to start in May or June of this 
year, located on a 640-acre site which has 
been purchased in suburban Denver, Colo. 


or other additional information, write to: 
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Mr. D. L. Pyke 

The Ramo-Wooldridge Corporation 
5730 Arbor Vitae Street 

Los Angeles 45, Calif. 


portant that a company organized for this 
purpose should assign to technically 
trained people more dominant roles in the 
management and control of the business 
than is customary or necessary in most 
industrial organizations. In The Ramo- 
Wooldridge Corporation, scientific activi- 
ties are always headed by scientists who, 
when required, are provided with the ad- 
ministrative and business-type assistants 
needed to carry out their organizational 
responsibilities. 

The following paragraphs constitute a 
brief progress report on the current status 
of our growth and on the activities in 
which we are engaged. 


Fields of Activity 


The technical areas available to a com- 
pany specializing in advanced electronic 
systems and guided missiles work are 
numerous, and no attempt has been made 
to impose narrow limits on the areas con- 
sidered suitable for future planning. 
Therefore the following list of fields simply 
outlines the kind of work that is currently 
under way, and that is expected to con- 
tinue and expand during the next several 
years: 


Guided Missile Research 
and Development 
Aerodynamics and Propulsion 
Systems 
Communications Systems 
Automation and Data Processing 
Digital Computers and 
Control Systems 
Airborne Electronic and 
Control Systems 
Electronic Instrumentation and 
Test Equipment 
Basic Electronic and 
Aeronautical Research 
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Reaction Motors, Inc. 


T° the forward thinking engineer or 
scientist who is capable of putting ad- 
vanced thinking into practice, Reaction 
Motors—founders of the rocket industry 
in America—offers highly rewarding op- 
portunities for the application of your 
engineering skill working with other scien- 
tists and engineers in the rocket field. 


RMI—A Pioneer in Rockets 
and Missiles 


Reaction Motors, incorporated in 1941, 
has paced the growth of the rocket in- 
dustry. Today, in its newly expanded 
plant and facilities, RMI’s growth is con- 
tinuing at a faster rate than ever. Its 
products have pioneered the field of ap- 
plications for rocket power and set rec- 
ords which are still to be equaled. RMI 
engines have been used in the Skyrocket, 
X-1 and X-1A supersonic airplanes, the 
Lark guided missile, and the Viking 
Missile which set major speed and alti- 
tude records. With these accomplish- 
ments as a background, RMI is develop- 
ing new engines for the future, which we 
believe will surpass all previous records. 


Current Expansion 
Working with top scientists and engi- 


neers you will have an opportunity to de- 
velop creativeness and enthusiasm and to 


Navy ‘‘Viking’’ high-altitude research 
rocket powered by an RMI 20,000 Ib 
thrust engine leaves launching platform 
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Ford Road, Denville, N. J. 


work on high level assignments from orig- 
inal research to final test and production. 
A new multi-million dollar plant has just 
been occupied and the next step in RMI’s 
expansion is already beyond the planning 
stages. A 60 per cent increase in business 
during the past year is indicative of the 
vitality and stability of RMI’s place in the 
rocket industry. Employment is at an 
all-time high. RMI has openings at all 
levels for technical personnel—oppor- 
tunities that lead to positions of re- 
sponsibility, with your own ability the 
only limitation. For employee security 
and job satisfaction, RMI has an ex- 
cellent fringe benefit program including 
paid vacations, retirement program, medi- 
cal and surgical hospitalization, accident 
insurance plans, tuition assistance plans, 
and other benefits second to none in the 
industry. 


Immediate Openings 


Positions are available for graduate 
engineers with experience or training in 
the following fields: 


Nuclear energy for rocket devices 

Stress analysis—aircraft engines or air- 
frames 

Environmental testing of components 

Aircraft power plant installations 

General project engineering work 

Engine controls and control systems 

Internal combustion for jet or rocket en- 
gine applications 


Preliminary design or proposal experience 
in aircraft power plant field 

Formulation of control system problems 

Computer setup and solution analysis 

Design of airframe or aircraft engine type 
parts 

Servomechanisms 

Design and development of hydraulic, 
pneumatic, and mechanical components 
and systems synthesis 

Thrust chamber and injector design and 
combustion stability 

Rotating machinery design and consulta- 
tion 

Analysis and consultation on rocket en- 
gines and power plant systems 

Rocket engine testing and instrumentation 


Location 


Surrounded by many excellent suburban 
communities, RMI is located in the 
beautiful lake region of Northern New 
Jersey, only 35 miles from New York City. 
Swimming, golfing, and fishing are popular 
sports in this year-round vacation land. 
Nearby communities boast excellent re- 
ligious, cultural, and educational activ- 
ities. Ample housing is available and 
easy access is provided by major highways. 

Your future with RMI is as exciting as 
the rocket industry itself. Now is the 
time to associate yourself with this rapidly 
expanding industry. Write today en- 
closing a résumé of your education, ex- 
perience, and salary requirements to the 
Employment Manager. 


Reaction Motor’s newly expanded test stand facilities, where rocket engines 
are hot tested for thrust, chamber pressure, temperature, stresses, 
etc., and later released for field installation in aircraft or missiles 
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Republic Aviation Corporation 


Guided Missiles Division 
Hicksville, Long Island, N. Y. 


A Young Division 


of a long established company. This is 
the kind of ‘‘in-at-the-beginning’’ oppor- 
tunity that offers a young engineer or 
scientist an unusual opportunity to make 
a name for himself, far sooner than he 
could normally hope to do. 


You Work With Leaders 


Working with men who are recognized 
specialists in all phases of both pilotless 
and piloted flight, you can learn and grow 
professionally at a rapid rate—and sched- 
uled expansion at Republic’s Guided Mis- 
siles Division provides frequent promo- 
tions, where ability is shown. 


Location: Hicksville 


The Division is small enough to permit 
close cooperation of project and research 
teams, yet large enough to include all 
facilities for a top level industrial enter- 
prise. The Division operates its own new 
plant at Hicksville, Long Island, 30 miles 
from New York, and separate from the 
main Republic Farmingdale plant. 

Significant contributions to the evolu- 
tion of weapon systems concepts at the 
research, development and experimental 
levels are being made at Republic today, 
from missile feasibility studies and guid- 
ance development to aerodynamic analysis 
and missile system instrumentation, with 
special emphasis in these vital areas: 


@ Missile Reconnaissance 

@ Guidance and Control Problems 
@ Upper Atmosphere Research 

@ Special Weapons 

@ High Mach Number Problems 


Air-to-Air Missiles 


Right now, new research and project 
teams are being organized to develop ad- 
vanced air-to-air missiles. Consequently 
there are a number of openings for recent 
graduates in the fields listed at the right. 


Research Facilities 


The modern research facilities behind 
Republic men are of a caliber to inspire 
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their best creative efforts, and new equip- 
ment is continually being acquired, to the 
tune of $12,000,000 in 1956. 


Promotion Policy 


Our promotion policy is to advance 
from within to supervisory and specialist 
positions; to aid the young men who join 
us to fit themselves for promotion through 
technical courses and seminars; and to 
give assignments of a type to demonstrate 
their professional skill and creative ability. 


Education Assistance 


Engineers and scientists at Republic 
are encouraged to take graduate work 
leading to advanced degrees at famous 
institutions in the New York metropolitan 
area. Colleges and universities such as 
Columbia University, New York Uni- 
versity, Brooklyn Polytechnic Institute, 
Fordham University, Hofstra, Adelphi, 
and others are located in the Greater New 
York area within easy reach of the Hicks- 
ville plant. And Republic pays 2/3 of 
tuition and fees. 


Retirement Income Plan 


Republic’s 2-Fold Retirement Income 
Plan is the talk of the industry. Part I 
provides a basic retirement income paid 
in full by the company. Part II is op- 
tional. It offers additional retirement 
income on a liberal contributory basis, 
Republic paying over 50 per cent. No 
nagging worries about the future plague 
Republic’s permanent staff. 


Here’s How It Works 


Take the case of a hypothetical engineer 
who joined Republic on January 1, 1956, 
and averages $8000 a year for 15 years; 
then retires aged 65. If he elected Part 
II of the Plan, he will have a total monthly 
retirement income of $225.80 including his 
social security. For this, he himself will 
have contributed only $8.40 a month to 
the Republic Retirement Income Plan. 
Of course, the more you earn, the higher 
your Retirement Income will be. 


Other Benefits 


Republie’s benefits program includes 
many other outstanding provisions, such 
as an all-expense paid relocation plan for 
qualified engineers living outside the New 
York City-Long Island area. Also com- 
pany-paid life, accident, and health insur- 
ance and hospital-surgical benefits for the 
whole family. 


Long Island Living 


Your personal life is set in pleasant 
places when you work for Republic. You 
live on Long Island, with its fabulous 
beaches and state parks. Fishing, swim- 
ming, boating are right at your doorstep. 
You can play golf, tennis, even polo. 
Yet all the entertainment and cultural 
facilities of downtown New York are close 
at hand. 

Attractive homes are available in 
modern suburban areas; shopping centers; 
schools; and many opportunities for com- 
munity activities and social life. 


Current Opportunities 


with high potential for your career de- 
velopment exist at Republic’s Guided 
Missiles Division today in: 


@ Weapons Systems Analysis 
@ Control Systems 

@ Servo 

@ Propulsion 

@ Operations Research 


High Salaries Paid 


In fact, Republic is rated a top-paying 
employer in the field—and these are per- 
manent positions—creative, rewarding em- 
ployment in the missile sciences, involving 
a wide range of problems vital to the 
defense of the United States. You owe it 
to your future to look into the opportuni- 
ties at Republic. 

Please send details of your technical 
background to the Administrative Engi- 
neer: Mr. R. R. Reissig. 

A convenient interview will be arranged 
at the Guided Missiles Division of 
Republic Aviation Corporation, in Hicks- 
ville, Long Island, N. Y. 
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Rocketdyne 


A Division of North American Aviation, Inc. 


i 1945, long-range guided missile de- 

velopment was initiated by North 
American Aviation. A group of missile 
and rocket engine experts formed the 
nucleus of an effort so broad in scope that 
it is now a new industry. An important 
part of this effort is rocket engine develop- 
ment. In 1951, North American’s Pro- 
pulsion Development Group employed 500 
personnel. By 1954, the number had 
risen to nearly 2000. It will be 8000 by 
the end of 1956. Because of the growing 
importance of liquid-propellant rocket 
engines and the dramatic progress achieved 
by the Propulsion Center, it was recently 
given divisional status by North Ameri- 
can, and named Rocketdyne. Its main 
offices are located in Canoga Park, a grow- 
ing community in the San Fernando 
Valley near Los Angeles. 

While the work is directed by men who 
have been in the industry for years, much 
of it is done by young engineers and 
scientists who obtained their degrees only 
a short time ago. At Rocketdyne they 
receive intensive, specialized training: 
then go to work under the guidance of 
the nation’s top rocket experts. 

Engineers at Rocketdyne are pioneers. 
They deal with physical phenomena of 
magnitudes difficult to comprehend: speeds 
and forces, temperatures and _ stresses 
virtually unknown in general industry. 
They pump fuels and oxidizers at almost 
unbelievable flow rates. They generate, 
in a package smaller than the family 
automobile, more power than the total 
output of Hoover Dam. They explore 
fluid dynamics, supersonic aerodynamics, 
thermodynamics, hydraulics, pneumatics, 
chemistry, electronics—virtually all the 
fields of modern engineering. In their 
experimental investigations they use 
thousands of instruments, huge pumps, 
mazes of ducts, valves, and tanks, to 
handle and control the flow of fluids 
known only in the laboratory test tube a 
few years back. On giant test stands, 
capable of withstanding up to one million 
pounds of thrust, they create a thunder 
symbolic of a concept as exciting as any 
that man has yet generated. Their work 
is fascinating—and important. To the 
engineer or scientist seeking extraordinary 
career opportunities, probably no other 
field offers as many challenges—or is as 
rewarding. 

Rocket Engineering presents opportuni- 
ties in many fields of specialization. Engi- 
neers with degrees in aeronautical, chemi- 
eal, civil, electrical, electronic, general, 
metallurgical, and mechanical engineer- 
ing, and scientists specializing in physics, 
chemistry, and mathematics, are vitally 
needed in the industry today. At Rocket- 
dyne they perfect control devices, analyze 
and design engine systems, create and 
install precision instrumentation, set up 
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Canoga Park, Calif. 


and conduct engineering tests, analyze 
the results with the most up-to-date data 
reduction equipment, and conduct applied 
research on the basic phenomena of rocket 
engine operation. They work in groups 


primarily concerned with preliminary 
design, systems analysis, turbopumps, 
combustion devices, control devices, ap- 
plied mechanics, engine systems and en- 
gine development, instrumentation and 
equipment, engineering test, materials 
and processes, research, and field service. 


This 50,000-lb thrust engine will be em- 

ployed on an Air Force test sled, following 

calibration and thorough qualification test- 

ing. Small Rocketdyne engines such as 

this one can accelerate from a dead stop 
to 1500 mph in 4.5 sec 


Preliminary Design engineers conceive, 
analyze, and evaluate new and advanced 
concepts for rockets and related devices, 
and work to improve the performance, 
versatility, and usefulness of existing en- 
gine models. An important part of this 
work is the preparation of long-range 
plans and programs. Preliminary de- 
sign engineers try to outguess the future 
by extending the state of the art to to- 
morrow’s needs in engine performance. 
They conduct technical liaison with 
government agencies and leading missile 
engineering companies to establish en- 
gine configurations for all types of ap- 
plications. They prepare the technical 
proposals for these new engines in the 
form of reports, drawings, charts, and 
other media. Preliminary design offers 
the opportunity to obtain a broad out- 
look in the complete field of rocket pro- 
pulsion. Because of its many facets, the 
field requires a clear, over-all understand- 
ing of the many technologies called into 
play in rocket development. 

Systems Analysis is the gateway to de- 
sign and development. It is concerned 
with the theoretical analysis of the com- 
plete engine system as it relates to the 
operation of the four major categories of 
components: turbopumps, combustion 


devices, control devices, and intercon- 
nect components. It involves the pre- 
diction of engine performance during 
missile flight which requires the simul- 
taneous simulation of such hydrody- 
namic, thermodynamic, and mechanical 
elements as ducts, nozzles, valves, high- 
speed pumps, turbines, and controls. 
The systems engineering concept is em- 
ployed, which permits the analysis of the 
engine as an operating unit, including the 
interaction between the major components 
and controls of a complex system. For 
maximum performance and efficiency, the 
engine must function as a well-balanced, 
integrated unit. The latest tools of 
analysis, including high-speed analog and 
digital computers, are used to achieve 
this goal and to extend the earthbound 
engineer’s ability to predict and cope with 
problems arising from engine operation at 
extreme altitudes. 

The turbopump is the heart of the 
rocket engine, pumping tremendous quan- 
tities of fuel and oxidizer into the thrust 
chamber. Pound for pound, a_turbo- 
pump is probably the most powerful 
pumping machine yet developed by en- 
gineering skill. Its design is extremely 
critical: low weight, high efficiency, and 
extreme reliability are of utmost impor- 
tance. Each component must conform 
to severe weight limitations, yet must 
meet exacting performance specifications 
under extreme environmental conditions 
far exceeding those of commercial indus- 
tries. Design and development engineer- 
ing of turbopumps extends the boun- 
daries of technology and presents chal- 
lenging opportunities in the fields of 
thermodynamics, fluid mechanics, and 
machine design. Turbopump develop- 
ment at Rocketdyne entails analysis, de- 
sign, and development of high-pressure- 
ratio supersonic turbines, high-speed gear 
boxes, radial and axial flow pumps, ro- 
tating liquid and gas seals, and other 
mechanical components. Requirements 
also exist for applied research to extend 
the knowledge of cavitation, fluid flow in 
impellers, and the aerodynamics of super- 
sonic flow in turbines. 

Combustion Devices engineers at Rock- 
etdyne are responsible for the design and 
development of thrust chambers, injec- 
tors, and gas generators. Perfection of 
more efficient combustion devices, with 
the resulting increase in range, payload, 
reliability, and flexibility, is a challenging 
goal for engineers with background in 
thermodynamics, hydrodynamics, and 
aerodynamics, and an appreciation of 
modern machine design practices, metal- 
lurgy, and stress analysis. Higher flow 
rates and chamber pressures create fur- 
ther problems in the field of heat transfer. 
These require analysis of heat transfer 
through the walls of regeneratively cooled 
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thrust chambers, and through the face of 
injectors. This work explores the mys- 
ieries of the boundary layer on the gas 
side of the chamber wall, and the non- 
uniform distribution on the coolant side 
where extreme rates of heat transfer pre- 
sent unique problems. 

The attainment of stable ignition under 
a variety of environmental conditions is 
another subject of intensive study. Pro- 
pellants entering the thrust chamber at 
extremely high flow rates must ignite 
instantaneously and smoothly in order to 
prevent rough combustion, an aborted 
test, perhaps a damaged engine. Anal- 
ysis of the ignition phase and ignition 
devices, and of propellant flow, is involved 
in the solution of these problems. Sci- 
entists at Rocketdyne are seeking a com- 
plete understanding of the basic phe- 
nomena of combustion, which encompasses 
a precise expression of fluid flow, combus- 
tion :nechanies, droplet formation, ignition 
characteristics, and flame propagation. 

The control functions of a rocket en- 
gine lemand precise operation of numerous 
pneumatic and electrical components, 
proper sequencing at very high speeds, 
high sensitivity, and ruggedness and ex- 
treme reliability, which are all vital. Spe- 
cialists in electronics, electrical, mechani- 
eal, and servo engineering find these prob- 
lems stimulating and rewarding. Servo 
engineers encounter unusual problems in 
the control of mixture ratio, thrust and 
other parameters arising from complex 
transients. Experience with fuel sys- 
tems of ramjet, turbojet, and reciprocat- 
ing engines, electronic or hydrome- 
chanical flight control, and complex process 
instrumentation is applicable in this work. 

Working closely with the Preliminary 
Design and the Development engineers, 
the Applied Mechanics Group subjects 
the rocket engine, assemblies, and com- 
ponents to searching study. The demand 
for lightweight design, combined with ab- 
solute structural reliability, necessitates 
highly analytical approaches combined 
with rigorous proof tests. High rota- 
tional speed of turbines and pumps, and 
extremes of temperature within the same 
piece of equipment, lead to involved prob- 
lems in both stress and vibration. The 
unusual dynamic response of both rocket 
engines and components make the analy- 
sis of complex linear and _ nonlinear 
systems particularly interesting. To the 
analytically minded engineer, the study 
of transfer functions in systems and com- 
ponents, and of vibration and surge prob- 
lems in rotating and static assemblies, 
offers a continuing challenge. 

The general arrangement of the engine 
configuration to conform to the space 
limitations of the final missile is deter- 
mined by the Engine Systems Group and 
requires unusual talent for descriptive 
geometry. Some places are too hot, 
others too cold. Often, both conditions 
are present within the same component, 
usually at high stress levels. New en- 
gine types are constantly in design, and 
others are undergoing modification, keep- 
ing the Engine Systems engineers con- 
tinually occupied with an array of design 
and development problems. They are 
responsible for the structural framing 
which unites the engine as a mechanical 
assembly, and for a host of interconnect- 
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A liquid propellant rocket engine which 
will power intercontinental missiles. This 
engine is used in horizontal test firing 


ing components—flexible feed lines, ex- 
pansion joints, thrust mounts, heat ex- 
changers. They also direct the construc- 
tion of full-scale mockups, design the lab- 
oratory test setups for evaluation of com- 
ponents, and direct the fabrication of ex- 
perimental engines. 

At the focal point of the intense activity 
associated with engine testing and de- 
velopment are engineers of the Engine 
Development Group. They specify the 
conditions under which the rocket engine 
will be tested—start sequence, regulation, 
duration, cutoff, and instrumentation. 
They evaluate the data obtained, aided 
by the most advanced processing and 
computing equipment available. In En- 
gine Development, versatile talents and 
broad interests are required to direct the 
extensive programs involved. Training 
in Engine Development is highly prof- 
itable in terms of professional growth. 
The work provides an opportunity for a 
thorough understanding of rocket engine 
technology, from design, development, 
testing, and beyond—to acceptance, flight 
approval, qualification, reliability, and 
performance in the aircraft. 

The massive test stands, mazes of pres- 
sure lines and cables, and complex sys- 
tems of pickups and recorders employed 
in engine testing are the responsibility 
of Instrumentation and Equipment en- 
gineers, who must design and develop 
elaborate test structures, propellant feed 
systems, utility services, and test fixtures. 
Rocketdyne’s Propulsion Field Labora- 
tory is second to none in facilities for 
testing rocket engines and components. 
To cope with the rapid advances in rocket 
technology, Instrumentation and Equip- 
ment engineers develop special computers 
and instrumentation to insure reliable, 
accurate, automatic, and rapid recording 
of test data. Every parameter of engine 
operation must be measured. The high 
degree of accuracy required in rocketry 
stimulates rapid progress in the _ tech- 
niques of measurement. 

Components Testing is a particularly 
important phase of Engineering Test at 
Rocketdyne, in which scores of sub- 
systems, control servomechanisms and 
parts must be proof-tested to verify 
predicted performances. Following suc- 
cessful component testing, the large rocket 
engines are assembled and installed in 
static test stands capable of restraining up 
to one million pounds of thrust. The 
propellant tanks are loaded, and the area 
is evacuated. In the control center, the 
count-down simulates missile flight pro- 


cedures, and as the test area reverberates 
with the thunder of tremendous forces 
at work, automatic recorders amass data on 
pressures, flows, temperature, and thrust. 

The engineering activities described 
above demand an immense volume of 
technical facts—new facts—to make head- 
way in the unexplored reaches of rocket 
engineering. Rocketdyne Research at- 
tempts to supply these facts: facts about 
heat transfer where the thermal parame- 
eters are pushed to the extreme and 
beyond; facts about combustion kinetics 
where physical states, temperatures, pres- 
sures, and reactions are so intermingled 
as to constitute a new field of combus- 
tion; facts about measurement devices 
and techniques for conditions in which 
5000 F is cool, a millisecond is a long time, 
where the conventional concept of a fast 
transient is classed as steady state; facts 
about chemical propellants, about flames, 
about ignition, about superpressure. The 
list is long, the need immediate. Rocket- 
dyne research engineers bring these facts 
to light, shake them down, and relay 
them to design and development engineers, 
who convert them to a better, lower-cost 
product. The well-educated researcher 
in any of the physical sciences, with the 
“research attitude’? and a hearty appre- 
ciation for the engineer, the designer, the 
product, and the cost sheet, will find 
Rocketdyne an unusually stimulating and 
rewarding place to work. 

To develop the specific skills and abili- 
ties demanded by a rapidly advancing 
technology, Rocketdyne provides  spe- 
cialized training to suit the employee for 
the best performance of his particular job, 
and to familiarize him with his general 
responsibilities. Instructors present spe- 
cially prepared technical training courses 
covering all phases of Rocketdyne ac- 
tivity. Functional programs of leader- 
ship guidance aid the employee to take 
the supervisory responsibility required 
by Rocketdyne’s rapid growth. An edu- 
cational refund plan encourages the con- 
tinuation of education outside the plant, 
where employees may attend any of 
several of Southern California’s finest 
colleges and universities. Within a short 
driving distance from Canoga Park are 
California Institue of Technology, Uni- 
versity of California at Los Angeles, and 
University of Southern California. 

In addition to the educational refund 
plan, company benefits include an insur- 
ance plan, retirement plan, suggestion 
system and patent award plan, periodic 
review for promotion, a salary increase, 
and paid vacations and holidays. Op- 
portunities for recreation in the general 
area are unlimited, for Rocketdyne is in 
the center of an all-season play area. 
Camping, hunting, and fishing are popu- 
lar sports in the surrounding mountains. 
The clean, uncrowded beaches of Malibu 
and Zuma are 30 minutes away. In the 
nearby San Gabriel Mountains, skiing is 
the favorite winter sport. In the San 
Fernando Valley, the climate is mild, and 
the skies are clear about 350 days per 
year. Excellent valley apartments and 
homes are available a short distance from 
Rocketdyne. Schools, churches, retail 
stores, and service shops of all types are 
also available, as the result of a continuing 
expansion in this suburban area. 
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Rohm & Haas Company 


Redstone Arsenal Research Division 


Organization 


HE Redstone Arsenal Research Di- 

vision of Rohm & Haas Company is 
a nonprofit division of this major chemical 
manufacturer, operated for the Army 
Ordnance Corps as a national service 
with the aim of making major advances in 
the field of solid propellant rocket science. 
A highly competent technical staff of 
approximately sixty scientists and engi- 
neers forms the nucleus of the organization. 
Supporting this group are a number of 
able laboratory and technical assistants, 
draftsmen, clerical, and secretarial em- 
ployees. This support releases the full 
potential of the technical man by relieving 
him of routine or nontechnical work. 
The full strength of the Division is roughly 
two hundred and fifty. 

The research program is fundamental, 
integrated, and flexible in approach. The 
major effort of the Division is constantly 
directed toward those phases of solid 
propellant rocket science which offer the 
greatest promise of major achievement. 
Approximately one half of the Division’s 
effort is in basic research and long-range 
development programs, the rest being 
divided between immediate and near-term 
applications. 


Aims 


Broadly, the organization’s goals can 
be classified under four headings: 


Propellant Chemistry 

Development of improved propellants 
and investigation of factors influencing 
propellant effectiveness. 


Propellant Development 


Design and development of practical 
and reliable processes for the semiworks 
scale manufacture of promising composi- 
tions. 


Interior Ballistics 


Development of superior propulsion 
units and investigation of the effect of 
various factors en rocket motor perform- 
ance. 


Weapons Research 


Development and optimization of im- 
proved weapons systems including design 
of metal components. 
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Huntsville, Ala. 


Scientific Opportunities 


Many scientific disciplines are repre- 
sented on the Division’s technical staff. 
The outline below indicates these fields 
of training and some of the programs in 
which these talents are utilized: 


Organic Chemistry 


Basic chemistry of organic compounds 
with explosive potential; development of 
new synthetic methods and synthesis of 
new explosive compounds; interpretation 
of synthetic reaction processes through 
instrumental methods. 


Organic Chemistry 
Physical Chemistry 
Polymer Chemistry 


Fundamental studies in propellant 
chemistry; correlation of molecular struc- 
ture with ballistic characteristics; lab- 
oratory scale compounding and evalua- 
tion of new propellant compositions; 
applications of polymer chemistry to 
solid rocket propellants. 


Analytical Chemistry 


Development of analytical methods for 
novel functional groups; analysis of 
propellant compositions and _ reaction 
products. 


Physical Chemistry 


Fundamental kinetic studies of reac- 
tions encountered in propellant ignition 
and combustion; thermal decomposition 
studies of novel compounds; basic in- 
vestigations of influence of heat transfer, 
fluid flow, etc., on propellant burning in 
rocket motors. 

Chemical Engineering 

Development of processes for promising 

new propellant compositions and their 


ingredients; design and economic evalua- 
tion of chemical processes. 


Applied Mathematics 
Engineering Physics 
Mechanical Engineering 
Physics 

Basic studies of interior and exterior 
ballistic phenomena—influence of heat 
transfer, fluid flow, aerodynamic factors, 
malalignments, etc., on weapon system 
performance; preliminary design and 


evaluation of propellant charges; de- 
velopment and optimization of new pro- 
pulsion units and weapon systems. De- 
sign and development of novel experi- 
mental devices; measurement of phy ical 
properties of propellants and correlation 
of these properties with ballistic perform- 
ance. 


Mechanical Engineering 


Design of metal components for weap- 
ons; service design work on gadgets, 
dies, fixtures, and tools. 


Electronics Engineering 


Design, development, and maintenance 
of unique electronic instruments. 


Location 


The facilities of the Redstone Arsenal 
Research Division are government owned 
and are located at Redstone Arsenal in 
Huntsville, Ala. Redstone Arsenal is 
that portion of the Army Ordnance 
establishment ultimately responsible for 
all research, design, development and 
procurement of rockets and guided mis- 
siles. 

The city of Huntsville, with a popu- 
lation of roughly 50,000, is situated in 
attractive country in northern Alabama. 
Various outdoor and cultural activities are 
available nearby. 


Benefits and Pay 


The Redstone Arsenal Research Divi- 
sion is an integral part of Rohm & Haas 
Company and employees enjoy the same 
opportunities for advancement and job 
security as those at other company lo- 
cations. Pay practices and company 
benefits are consistent with those at other 
company locations and are competitive 
with the chemical industry. 

To those interested in rocket tech- 
nology, Redstone Arsenal Research Di- 
vision of Rohm & Haas Company offers 
the opportunity for basic and applied 
research in a field of vital interest. Apply 
by letter, giving qualifications, to Per- 
sonnel Department, Rohm & Haas Com- 
pany, Redstone Arsenal Research Divi- 
sion, Huntsville, Ala. 
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What We Make 


HE Accessories Division of Thompson 

Products, Inc., sponsor of the Thomp- 
son Trophy Race, is devoted exclusively 
to the development and manufacture of 
rocket and aircraft accessory equipment. 

The Division does a complete develop- 
ment snd production job. It takes the in- 
ception of ideas through design, drafting, 
model manufacture, development testing, 
manufucturing, and service. The Ac- 
cessories Division manufactures auxiliary 
power units, turbine-driven rocket pro- 
pellan’ pumps, air turbine-driven fuel 
pumps, aircraft booster pumps, high- 
pressure fuel pumps, speed and flow con- 
trol units, and hot air turbine power drives, 


Our Facilities and Abilities 


Tomorrow’s rocket and aircraft ac- 
cessories are developed in a $12 million 
development laboratory located at the 
Tapeo plant, Cleveland. This facility 
includes an available high-pressure, high- 
temperature air supply of 2100 pounds 
per minute. The total laboratory floor 
space is 60,000 square feet; about half 
the space is devoted to test and half to 
supporting equipment. In addition to tke 
air supply there is an extensive fuel stor- 
age area, walk-in environmental chambers, 
an assortment of dynamometers up to 
500 hp, a high-capacity altitude exhaust 
system, and an instrument department to 
meet all development measuring needs. 


The Division History 


The Division was founded in 1941 when 
the parent company, numbering 10,391 
employees, put into effect its plan of 
forming divisions to increase operating 
eficiency. Starting with aircraft vane 
pumps and booster pumps, the proprietary 
products became an increasingly im- 
portant part of the Division’s growth. 
The Division pioneered the tank-mounted 
booster pump and is today the leading 
manufacturer. In 1950, air turbine 
pumps, air drives, and high-pressure fuel 


Aerial view of the development laboratory 


May 1956, Parr 2 


Thompson Products, Inc. 


Accessories Division 


23555 Euclid Avenue, Cleveland 17, Ohio 


pumps were added. In 1955, the Di- 
vision undertook the development of 
auxiliary power units. 

Today, the total company employment 
has reached 21,218. The Division has 
grown to 2200 persons with research fa- 
cilities at Cleveland, Ohio; Inglewood, 
Calif.; and Portland, Ore. Service facili- 
ties are located at Cleveland, Ohio; Hart- 
ford, Conn.; Inglewood, Calif.; and 
Seattle, Wash. 


Security 


This steady growth company provides 
a funded retirement plan which, with 
social security, can amount to 40 per cent 
of your five highest earning years. Hos- 
pital, surgical, and low-cost group life 
insurance is sponsored by the company 
and is available to all employees. The 
company’s wage structure is keyed to the 
Department of Labor’s cost-of-living in- 
dex so that “cost of living’? payments pro- 
portional to this index are made in addi- 
tion to the regular salary. Also, there 
are systematic salary review periods to 
assure that all technical employees are 
reimbursed commensurate with their per- 
formance and growth. 

Labor-Management relations have been 
so successful that, since the founding of 
the company in 1901, there has never been 
a strike or interruption of operations be- 
cause of a labor problem. 


Recreational and Cultural 
Advantages 


Located in Cleveland, the plant is with- 
in easy driving distance of one of Ohio’s 
most beautiful residential areas. Cleve- 
land is a richly endowed cultural center 
and has every recreational facility. The 
Cleveland Symphony Orchestra and Mu- 
seum of Art are internationally famous. 
In addition, the company sponsors its 
own recreational program embracing hunt- 
ing, fishing, chess, bowling, golfing, base- 
ball, orchestra, and choir activities. 


Air turbine-driven centrifugal fuel pump 
and controls 


The Division is located within a few 
miles of Case Institute of Technology and 
Western Reserve University where grad- 
uate courses, leading to masters and doc- 
tors degrees, can be taken. The com- 
pany actively supports both under- 
graduate and graduate scholarships. Also, 
the company and the universities have 
established programs whereby technical 
employees are given every assistance in 
furthering their education. 


A Career for You? 


The future is bright at Thompson. 
A number of power unit development 
programs are now in progress. An ag- 
gressive development engineering de- 
partment has developed new products 
fast enough to result in a rapidly expand- 
ing business. 

The Division offers development en- 
gineering opportunities in all fields of 
mechanical engineering, including: 


(1) Mechanical design 
(2) Applied mechanics 
(3) Fluid mechanics 
(4) Combustion 

(5) Servomechanisms 
(6) Stress analysis 

(7) Test engineers 


The engineer has the opportunity to 
follow a project all the way from the idea 
phase to production. This broad base of 
experience is such that the development 
engineer can progress into a specialized 
engineering field, project supervision, 
production engineering or engineering 
sales, etc. For those who are interested in 
management and show promise in this 
area, the company conducts a manage- 
ment training course which extends for a 
period of a year for each group of trainees. 

We will be pleased to forward a copy 
of our stockholders’ report upon request. 
Please address all inquiries to Dr. John D. 
Stanitz, Chief Engineer, Accessories Di- 
vision, Thompson Products, Inc., 23555 
Euclid Avenue, Cleveland 17, Ohio. 


Altitude test installation of air turbine 
drive 
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Thiokol Chemical Corporation 


Home Office: 


Introduction 
HIOKOL Chemical Corporation, a 


dynamic and rapidly expanding organi- 
zation, is playing an outstanding part in 


The new Army Ordnance solid propellant rocket, the RV-A-10, starts moving slowly up 


Rocket Divisions 


the important field of rocket and guided 
missile propulsion. In late 1955 and early 
this year two significant developments in 
rocketry were announced: Thiokol Chemi- 
cal Corporation had developed a solid 


along its launcher, then with a burst of power zooms into space. Jointly developed by Ord- 
nance, General Electric, and Thiokol Chemical Corporation, the RV-A-10 establishes the 
feasibility of solid propellant units for large, long-range, and high altitude missiles 
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Trenton, New Jersey 


propellant motor for the important :iir-to- 
air Falcon missile produced by Hughes 
Aircraft Company. The second announce- 
ment stated that the Hermes R-\-A-10 
rocket developed jointly by Thiokol 
Chemical Corporation and General !lectic 
Company had been successfully flight 
tested. The R-V-A-10 utilized the 
largest solid propellant motor announced 
to date. The significance of these develop- 
ments lies in the publicly demonsirated 
versatility of Thiokol rocket motors as 
having virtually no limit to the size to 
which they can be produced and yet can 
be made small and light enough to be 
practical for use in air-to-air guided 
missile systems. The leadership that 
Thiokol has established in the field o/ solid 
propellant propulsion systems can be 
traced back thirty years to an accidental 
reaction discovered by a Kansas City 
chemist in an attempt to produce an eco- 
nomical and efficient antifreeze for auto- 
mobile use. 


Rubber to Rockets 


When Dr. J. C. Patrick mixed ethylene 
dichloride and sodium polysulfide together 
in his experiments the results were not 
the much hoped-for perfect antifreeze but 
rather a substance that looked, felt, and 
acted like natural rubber. This discovery 
led to the first synthetic rubber produced 
commercially. Named Thiokol (from the 
Greek thios meaning sulphur and _ the 
Arabic kolas meaning gum), the synthetic 
rubber products through the years have 
gained continually greater commercial 
importance. They do not swell, deteric 
rate, or otherwise alter their physical 
characteristics in the presence of gasoline, 
air, and many chemicals which attack and 
break down natural rubber. A variety 0 
applications including materials — for 
gaskets, caulking compounds, sealants, 
adhesives, special putties, and plasticizers, 
are made from Thiokol products. 

Shortly after World War II, Jet 
Propulsion Laboratory of the Californis 
Institute of Technology found _ thal 
Thiokol synthetic rubbers mixed with 
other chemicals could be used as fuels fo 
rockets. So effective have been the sub 
sequent developments from this _ initial 
finding that Thiokol Chemical Corpor 
tion is now recognized as a foremos 
leader in the field of advanced solid 
propellant propulsion systems. 
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Scope 


Thiokol’s rocket divisions are engaged 
ina wide range of activities including 
basic and applied research and continuing 
through manufacturing and final testing of 
many types and sizes of solid propellant 
propulsion systems. Professional person- 
nel from many fields have been brought 
together in a uniquely close-knit well co- 
ordinated association directed toward in- 
creasingly greater achievements. The 
skills, imagination, and individual as well 
as collective enthusiasm of this group have 
been responsible for the company’s present 
growth in the field of rocketry. 

Development of successful power plants 
stems largely from Thiokol’s ‘‘systems’’ 
concept of rocket motor development. 
Under this concept of rocket motor 
design, all of the requirements of the 
missile are taken into consideration before 
the propulsion unit is put on the drawing- 
boards. The motor’s thrust, duration, 
size, and shape are all governed by the 
specific application for which the unit is 
intended. 

Close coordination is conducted with the 
nissile prime contractor to consider 
problems such as aerodynamic stability, 
center of gravity requirements, guidance 
ystem impact and vibration resistance, 
wing and fin attachments, and other over- 
ill missile problems. 

With the full realization that relatively 
few individuals have gained experience 
in rocketry, Thiokol has instituted pro- 
grams whereby engineers and other scien- 
tifie personnel are encouraged to adapt 
their experience and training to the new 
and rapidly expanding rocket industry. 
The extremely low turnover of the 
company’s employees can be attributed 
In part to several factors. 

Permeating the entire Thiokol organiza- 
tion is the concept that the company is 
only as good as its employees. Individu- 
ility and initiative are encouraged; talent 
ind achievement are recognized. The 
eam spirit of the organization inspires 
both confidence and enthusiasm. 
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Powered by a Thiokol Chemical Corporation motor, the Hughes Falcon has been publi- 

cized as one of the most effective air-to-air guided missiles currently produced. The 

Hughes Falcon offers an excellent demonstration of the application of Thiokol rocket 
motors to guided missile systems 


Locations 


Almost 2000 people are currently 
employed by Thiokol’s three rocket divi- 
sions. This figure is expected to materially 
increase as new facilities and programs are 
put into operation. 

At its Redstone Division, Thiokol 
Chemical Corporation operates the largest 
contractor facility located on the very 
important Redstone Arsenal near Hunts- 
ville, Ala. Over nine hundred employees 
are engaged in developing the most 
effective solid propellant propulsion sys- 
tems known. Redstone Division scientists 
and engineers have established that solid 
propellants can compete successfully with, 
and in fact have many advantages over, 
more publicized liquid propellant motors. 
The continuing growth of programs in 
propulsion system development at the 
Redstone Division has created openings 
for technically trained individuals  in- 
terested in work which constantly chal- 
lenges imagination and offers maximum 
incentive for personal achievement. 

Company-owned facilities for research 
and development of rocket projects are 
operated at Elkton, Md. Many material 
contributions to modern rocketry are made 
by Elkton’s competent staff. Increasing 


demands on the Elkton Division resulting 
from successful achievements have pro- 
vided a number of opportunities for 
engineers who are interested in working on 
advanced types of propulsions systems. 

Manufacturing of Thiokol rocket motors 
is now under way at what may be the 
country’s largest and newest facility 
designed exclusively for the production of 
solid propellant rocket motors. Located 
near Marshall, Tex., at the Longhorn 
Ordance Works, members of Thiokol’s 
rocket groups have designed, planned, and 
directed the construction of this unique 
plant. A master Industrial Engineering 
Plan has been inaugurated at Longhorn 
to develop the most modern types of 
production equipment, techniques, and 
processes. Production, Quality Control, 
Planning, and other plant activities are 
under constant study to improve the 
Industrial Engineering Plan for projects 
worked on. Well over eight hundred 
employees are now working at the Long- 
horn Division and more are being added to 
the payroll daily. The Longhorn Division 
has attracted many well qualified techni- 
cally trained individuals and is recruiting 
others. 


Future 
Rarely in any industry are better 
opportunities offered to professional 


scientific personnel than that of the 
rocket industry. Few companies offer a 
more diversified program with greater 
benefits than does Thiokol Chemical 
Corporation. 

Quoted in the March 20, 1956, issue of 
the Journal of Commerce, Aaron B. 
Feigen, security analyst for Josephthal & 
Co., stated that with the nation’s defense 
program emphasizing guided missiles and 
rockets, the outlook for Thiokol Chemical 
Corporation “is good for 1956 and brilliant 
on the longer term.’’ Current trends at 
Thiokol facilities point out the truth of 
Mr. Feigen’s prophesy. 

For a copy of the Thiokol informative 
booklet ‘From Rubber to Rockets’’ or 
for information about specific job openings, 
readers are cordially invited to write to 
the Personnel Department at either of the 
following addresses: Thiokol Chemical 
Corporation, Redstone Division, Hunts- 
ville, Ala.; Thiokol Chemical Corporation, 
Longhorn Division, Marshall, Tex.; Thio- 
kol Chemical Corporation, Elkton Divi- 
sion, Elkton, Md. 


Rocket engines are tested to obtain information on thrust, vibration, temperature, and 
other performance data 
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Western Gear Corporation 


MAYY fine opportunities are offered 

qualified engineering graduates these 
days. But rarely, we believe, are posi- 
tions offered that will give the engineer the 
chance to acquire a vast diversification of 
experience coupled with the opportunity 
for rapid promotion limited only by his 
abilities to qualify. 

Western Gear Corporation plants have 
some of the most elaborate and complete 
research and development laboratories in 
the electro-mechanical products field. 
Our new Engineering Building, scheduled 
for completion this year (see photo) will 
offer the most advanced and modern facil- 
ities for the practice of the profession. 

A block-long laboratory at our Lynwood 
Works is exclusively devoted to an active, 
expanding research and development pro- 
gram. Here highly classified components 
of aircraft, missiles, rockets are tested and 
proved. The engineer involved with the 
project has the opportunity to follow his 
work from its conception through all its 
stages of testing and manufacture. Thus 
he is not limited in the chance to demon- 
strate his abilities and he can truly be an 
individualist . . . not just another clock 
number on a payroll, bottlenecked in a 


46-S 
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Lynwood, Calif. 


huge engineering personnel group. 

While the needs of the aviation industry 
occupy a major degree of attention, our 
company is a primary source of mechanical 
power transmission equipment, largely 
custom engineered, for the needs of every 
industry, be it aircraft, atomic power, 
marine machinery, printing presses, food 
machinery, electric motors, VHF and UHF 
antenna systems, or numerous others. 

This diversification has helped us build 
stability, for our growth and expansion are 
not tied to the economic picture of a single 
industry. It has also made necessary a 
heavy concentration of engineers among 
our personnel. We have instituted on-the- 
job training programs at full pay to ac- 
quaint newcomers with all phases of our 
business and to enable them to select the 
job that interests them most, whether it 
be pure research, design, marketing, or 
other departments of the company. At- 
testing to the success of our training pro- 
gram is the fact that many engineering 
newcomers of the past five years are now 
in important supervisory positions. Spe- 
cialized engineering courses are regularly 
offered to interested personnel, covering a 
wide variety of subjects. 


Western Gear has big plans for the 
future, but this doesn’t mean that we are 
an immature and unrecognized company 
at present. Quite the contrary. Al 
though our roots are in the West, we rank 
as one of the nation’s top custom engineer- 
ing firms in the mechanical power trans 
mission field, with 68 years of experience 
to back us up. 

We operate six plants located in the 
cities of Lynwood, Belmont, Pasadena, 
and San Francisco, Calif., and Seattle and 
Houston. Thus you can select the area 
and climate that appeals to you most. A 
full program of worth-while employee 
benefits is offered. 

So, if you seek broad experience and 4 
job that is a constant challenge to you, 
why not further explore the possibilities 
that exist at Western Gear Corporation 
plants? You may contact the Personnel 
Managers of any of our plants direct if 
you wish or write: 


Personnel Director 
Western Gear Corporation 
P. O. Box 192 

Lynwood, 

Calif. 
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AMERICAN ROCKET SOCIETY 


500 Fifth Ave., New York 36, N. Y. 


A national association for the advancement 
of rocketry, jet propulsion, and astronautics 


Aims and Functions 


— AMERICAN ROCKET SOCIETY is a national 
association of engineers and scientists devoted to “the 
development and application of the principle of jet propulsion 
as applied to rockets, aircraft, water and underwater craft 
and to all other appropriate and practical devices” and to 
“the development of the sciences and engineering techniques 
pertaining thereto” such as instrumentation, guidance and 
contro!, high temperature materials, upper atmospheric 
research, aerodynamics, structures, combustion, fuels and 
propellants, heat transfer, ete. ARS has always maintained 
a deep interest in responsible scientific study of space flight 
and in fostering sound professional and public interest in this 
subject. |The Society carries out its aims through: 

1. Section Meetings, held periodically at most of the cen- 
ters of rocket and jet propulsion activity throughout the 
country. Sections are self-governing and programs are both 
technical and social. 

2. Regional Meetings, which include technical sessions as 
well as field trips to rocket, guided missile and aircraft estab- 
lishments, observatories, etc. These meetings are often 
held in cooperation with other technical societies. 

3. The Annual ARS Convention. Held in conjunction 
with the ASME Convention, this gathering includes technical 
sessions during which original papers are presented on all 
aspects of the Society’s interests. Outstanding guest speakers 
are presented at luncheon and dinner meetings and the ARS 
Awards are presented. Awards include the Robert H. God- 
dard Memorial Award for work in liquid propellants, the 
C. N. Hickman Award for solid propellants, the James H. 
Wyld Memorial Award for outstanding application of rocket 
power, the ARS Astronautics Award for contribution to the 
advance toward space flight, the G. Edward Pendray Award 
for rocket and jet propulsion literary effort, and the ARS 
Student Award for the best student paper on rocket and 
jet propulsion. Fellowships are also presented at this meeting 
to leading figures in the field. 

The ARS Library, located in New York, contains historical 
as well as current material relating to rocket progress. 

An affiliation exists between the American Rocket Society 
and the American Society of Mechanical Engineers which 
permits ARS members to use the Engineering Library in New 
York, attend ASME Sectional and National meetings and 
allows the purchase of reprints of articles at member rates. 


History and Accomplishments 


ARS was organized on March 21, 1930. During its early 
years, experimental rocket firings were made, and from them 
evolved data and equipment which led to the development of 
several significant rocket engines, as well as to the formation 
of industrial enterprises which today hold distinguished 
places in the field. 

As progress in rocket and jet propulsion became more rapid, 
and demands from the military mounted, the Society devoted 
itself exclusively to dissemination of information through 
meetings and publications. 

Dr. Robert H. Goddard was one of the early members of 


the society, as were many other pioneers who now hold key 
positions in industry, science, education and government. 


Membership 


Four types of membership are open in the society: 

MemsBer: Members shall consist of engineers and scien- 
tists who are actively engaged in the development or applica- 
tion of rocket or jet propulsion, other persons who have been 
working on the development or application 01 rocket or jet 
propulsion for at least four years and who hold or have held 
responsible positions in these fields, and such persons as may 
be deemed eligible for this class of membership by the Board 
of Directors by virtue of their outstanding accomplishments 
in other fields and their unusual interest in the purposes of 
the Society. 

Associate Member: Associate members shall be _per- 
sons, other than students, who are actively interested in the 
development or application of rocket or jet propulsion. 

Strupent MemBer: Student members shall be persons not 
less than 17 years of age whose principal occupation is study 
at a recognized educational institution or who are serving as 
enlisted personnel in the Armed Forces of the United States, 
and who are interested in the development or application of 
rocket or jet propulsion. 

Corporate MemsBer: Corporate Members shall be edu- 
cational, scientific or industrial organizations who may choose 
this method of expressing their interest in the development or 
application of rocket or jet propulsion, and who are considered 
acceptable by the Board of Directors. Each Corporate Mem- 
ber shall be entitled to five representatives with the rights and 
privileges of Members. 

Subscriptions to the Journal without membership are 
available at the rate of $12.50 per year. 

Certificates of membership are sent to each member upon 
acceptance. Identification pins may be purchased for $2.00 
from the office of the Secretary. 


Publications 


JeT Proputsion, Journal of the American Rocket Society, 
is published monthly and mailed to all members. Edited 
by distinguished scientists, the Journal is recognized as the 
most complete and authoritative source of original technical 
material on rocketry, jet propulsion, astronautics, and allied 
sciences. 

It also includes feature articles on industry, government, 
and university activit'es, news items, and ARS happenings. 
It carries a calendar of coming meetings, a digest of books and 
articles published on rocket and jet propulsion in this country 
and abroad, and reviews by authorities on current books. 

Information on advertising rates for the Journal can be 
obtained from the Secretary. 

Books AND TECHNICAL Papers. The Society makes avail- 
able to its members at special rates, teciinical papers, reprints 
and other useful information bearing on jet propulsion, rockets 
and their application. It also has available back issues of the 
Journal and its predecessor, Astronautics. 

A list of such material currently available may be obtained 
by writing to the office of the Secretary. 
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APPLICATION FOR MEMBERSHIP * AMERICAN ROCKET SOCIETY 


To the Membership Committee: 
FOR OFFICE USE ONLY 


I hereby apply for membership in the American Rocket Society, Inc. and enclose $ No. 
as my annual membership dues, $5.00 of which is for a year’s subscription to the Journal of the Adm. 
American Rocket Society. The information given herewith is correct to the best of my knowledge. Ref. 
Cert. 


Check type of membership desired 


O Memper—Annual Dues $15.00 
O Associate Memper—Annual Dues $10.00 


O Srupent Memper—Annual Dues $5.00 Signature in Full 
(Sign with pen—Do not use initials) 


(PLEASE PRINT OR TYPE) 


PERSONAL INFORMATION 


Organization 


Services or products of organization 


Organization Address 
Home Address 


EDUCATIONAL RECORD 


Secondary School 

College or University 

Major Subject 

Names of other Technical Schools or Colleges 

Additional Degrees By Whom Conferred.............. 
REFERENCES (Name three and include addresses) 


PROFESSIONAL RECORD 


From To 


Names and addresses of past employers. Your positions, duties and responsibilities. 


DATES: | 
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(If space is inadequate add supplementary sheet of this size) 
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